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ERRATUM 


On page 8, beginning at the 12th line from the bottom, the paragraph 
should read: 


“Probably the most significant finding presented to the subcommit- 
tee was that civil defense preparedness could reduce the fatalities of 
the assumed attack on the United States from approximately 25 
percent of the population to about 3 percent. The provision of shield- 
ing against radiation effects would at the same time protect against 
blast and thermal effects for the vast majority of the population.” 
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SUMMARY-ANALYSIS OF HEARINGS ON BIOLOGICAL AND 
ENVIRONMENTAL EFFECTS OF NUCLEAR WAR 





I. Inrropvuction 


For the first time in history American communities have become a 
part of the main battlefield of a possible future war. Only on few oc- 
casions in the past have American homes and civilians been en- 
dangered by armed conflict, and never has there been a threat of whole- 
sale destruction and loss of life such as that now posed by a powerful 
and ruthless adversary armed with nuclear weapons. The sub- 
committee believes that the American people, whose homes and lives 
are now threatened, have a right to know the basic facts of nuclear 
warfare within the bounds of security restrictions. 

Beginning on June 22, 1959, the Special Subcommittee on Radiation 
held 5 days of public hearings on the biological and environmental 
effects of a possible nuclear war. The subcommittee’s purpose was to 
establish a public record clearly setting forth the scientific facts con- 
cerning the probable physical and biological effects of such a war on 
man and his environment. To the subcommittee’s knowledge, this 
is the first time any comprehensive presentation of such facts has been 
made to the American people or to the people of any other nation. 

The scope of these hearings did not include consideration of the 
overall impact of nuclear war upon the Nation’s economy, specific re- 
covery measures, or the problem of industrial recuperation in the long- 
range postattack situation. Nor did the subcommittee consider the 
controversial question of governmental or individual responsibility for 
financing a national civil defense system. 

At the outset the subcommittee wishes to note also that these hear- 
ings were not designed to determine the exact form of a possible future 
nuclear war or the likelihood that such a war will occur. Nor does 
this report contain any such predictions or conclusions. 

It is believed that the data presented in these hearings and sum- 
marized in this report will diate the American public to understand 
more clearly the basic scientific facts of a possible nuclear war and to 
achieve a better appreciation of the fundamental issues of our national 
security program. 

In the course of the hearings the importance of understanding the 
facts of a possible nuclear war was underscored and reemphasized by 
numerous expert witnesses. Simply to understand that “unprece- 
dented destruction” is not the same as “unlimited destruction’’—as 
one witness pointed out—is crucial to intelligent discussion of the 
issues. 

At the same time, no one appearing before the subcommittee at- 
tapes to minimize or make light of the terrible destructiveness of 
nuclear weapons. Rather, every effort was made to achieve an ob- 
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jective appraisal of weapon effects through a step-by-step examination 
of the problems by competent witnesses based on quantitative 
computations. 

Although the testimony emphasized many of the uncertainties of 
nuclear war, it was noted that the relevance of quantitative estimates 
today is most impressive. It was pointed out that modern science 
makes possible greater accuracy in predicting what a nuclear war 
would be like. 

Moreover, quantitative estimates make possible more precise 
thought and more accurate communication in a subject field fraught 
with misconceptions and emotional, moral and spiritual issues. 
Although such estimates when presented in an objective manner, may 
erroneously imply a disregard for, or callousness toward, moral and 
spiritual values, they are nevertheless essential to an objective con- 
sideration of the basic facts. It is fully recognized that facts about 
nuclear carnage are not pleasant. It is without precedent that a 
committee of the Congress analyzes casualties on the scale encountered 
in nuclear war. But the subcommittee had no choice but to face up 
to these grim facts. 

The subcommittee believes that the fundamental issues dealt with 
in these hearings are extremely serious, and that they are issues which 
need to be understood, considered and discussed, As stated by one 
witness: 

If you are afraid to discuss the issue, you will certainly be afraid to meet the 
crisis if and when it occurs. 

It was apparent from the hearings held by this subcommittee in 
1957,' that there is a very large practical difference between the prob- 
lem created by the world-wide fallout coming from a program of 
testing nuclear weapons, and those that would result from the use of 
these weapons in an all-out war. Accordingly, the fallout problems 
associated with the testing of nuclear weapons were considered in a 
separate hearing? early in May of this year, with the problems of 
nuclear war being investigated in the June hearings. 

The contrast between the two types of problems may be illustrated 
by a few examples. All the test programs of the U.S.S.R., Great 
Britain, and the United States to date have involved the detonation 
of approximately 170 megatons of total yield, of which about 90 meg- 
atons have been fission yield. These test detonations have occurred 
over a 10-year period at different latitudes and under varying climatic 
conditions and have consisted of surface bursts, tower bursts, under- 
water bursts, and air bursts at high and low altitudes. 

The problems considered in the June 1959 hearings involve the 
hypothetical detonation of approximately 4,000 megatons total yield 
of which approximately 2,000 megatons constitute fission yield, al 
consisting of surface detonations occurring within a period of 1 day. 
This was accepted as a realistic possibility should a nuclear war come. 

The test programs to date have been conducted at remote places— 
in Australia, at isolated Pacific islands, in Nevada,’ and inside the 
Soviet Union. Therefore, we have been primarily concerned with 

1 Hearings on the “Nature of Radioactive Fallout and Its Effects on Man,” May 27-29, and June 3-7 
2 Patlout From — Weapons Tests,’’ hearings held by the Joint Committee on Atomic Energy, 


May 5, 6, 7, and 8, 
8 Kiloton size only. 
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material drawn into the troposphere and stratosphere and the sub- 
sequent worldwide deposition of the radioactive debris.‘ In the June 
hearings we were concerned with hypothetical detonations in the 
midst of cities and military bases. Consequently, it was necessary 
to consider the far more severe immediate and ea effects—blast, 
thermal and radiation—which, under conditions of the test programs, 
to date, would not be encountered normally. 

The biological effects of the radioactive fallout resulting from the 
test programs to date are so slight that they must be evaluated on the 
basis of an estimated increase in the incidence of naturally occurring 
effects, such as leukemia on the one hand or inherited effects such as 
abnormalities or stillbirths, Under conditions of nuclear war, we 
are concerned with problems of immediate survival of the millions 
of people who may be subjected to radiation exposures as severe as 
or greater than those received by a few individuals accidentally ex- 
posed to momentary but high intensity radiation in Government 
research operations. 

In order to consider the problems of a possible nuclear war, the 
subcommittee prepared a hypothetical attack situation in which 
nuclear weapons of varying sizes were placed on specific targets within 
the United States. In addition, a specific total weapons contribution 
was arbitrarily assigned to other areas of the Northern Hemisphere to 
take into consideration also the worldwide fallout resulting both 
from a hypothetical retaliatory attack by the United States and from 
an enemy strike against U.S. overseas bases, 

Having established this basic framework, the subcommittee then 
prepared a topical agenda and invited a distinguished and competent 
group of experts, to present testimony on the probable biological and 
environmental effects of such an attack on the United States. 

No classified information was used in developing the subcommittee’s 
—— attack assumptions, and to insure against the possibility 
of any direct or indirect inferences to existing classified war plans or 
weapons stockpile information, the subcommittee refrained from 
requesting the support of any Department of Defense agency in 
establishing the attack pattern. 

The attack situation, including the sizes of weapons and their 
distribution on specific targets, was carefully developed by the sub- 
committee and represents assumptions considered realistic. However, 
the subcommittee has no wish that the assumed attack be taken as 
representing anything more than a hypothetical example. Other 
attack patterns of greater or lesser total megatonnage could have been 
planned and, by the same token, extrapolations from this specific 
pattern (and effects) can be made upward or downward. The purpose 
of the subcommittee’s particular attack assumptions was to set forth 
a uniform basis and framework for analysis by the various individuals 
asked to testify or submit statements for the subcommittee record. 

The Office of Civil and Defense Mobilization cooperated to the 
fullest extent in depicting the subcommittee’s attack assumptions on 
maps, charts, and other visual aids and in computing structural 
damage and human casualties on the basis of the subcommittee 
assumptions, 





¢ It, should be noted, however, that the May hearings were also concerned with phenomena related to 
local hot spots” resulting from radioactive contributions to the atmosphere by the test programs, 
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The resources of the Atomic Energy Commission, its personnel and 
unclassified publications, were made available by Chairman McCone 
and were of great value to the subcommittee. 

The subcommittee also utilized a mass of unclassified data furnished 
by other governmental and private sources on the effects of radiation. 
A special mention of appreciation is due Dr. Paul Tompkins and his 
associates of the U.S. Naval Radiological Defense Laboratory. Much 
of the basic data presented at the hearings was derived from the work 
of the USNRDL, and Dr. Tompkins and his staff consulted freely 
with the subcommittee throughout the hearings and during the prep- 
aration of this report. 

The witnesses presenting testimony were selected on the basis of 
their competence and experience in the different fields of nuclear 
phenomena, with particular emphasis on nuclear weapons effects. 

In the biomedical field the subcommittee received testimony from 
those scientists and technical personnel having the broadest experience 
in laboratory work on test animals and in the treatment of human 
beings exposed to radiation at Hiroshima and Nagasaki and in the 
atebientel contiotination of the Marshall Islands. 

For the consideration of structural damage from blast and fire and 
of other weapons effects, outstanding authorities presented their find- 
ings and the latest available scientific data. 

he weather patterns and other meteorological data for the date of 
the hypothetical attack were established by experts of the U.S. 
Weather Bureau, supported by their worldwide organization. 

The reader is encouraged to examine the full testimony and support- 
ing data of each witness in the printed record of the hearings. In this 
report the subcommittee has endeavored to present a faithful and 
concise summary of the data and to highlight the key issues for the 
convenience of the public and the Congress. Naturally, these data 
and issues are more completely set forth in the verbatim hearing 
record, 

II. Summary 


THE HYPOTHETICAL ATTACK 


The hypothetical attack set forth by the subcommittee assumed 
that 263 nuclear weapons in 1, 2, 3, 8, and 10 megaton sizes with a 
total yield of 1,446 megatons ® were detonated on 224 targets within 
the United States. An additional 2,500 megatons were assumed to 
have been detonated elsewhere in the Northern Hemisphere in attacks 
on overseas U.S. bases and in retaliation against the aggressor home- 
land. All weapons were arbitrarily designated as having a yield of 
50 percent fission and 50 percent fusion, A weapon with 50 percent 
fission yield is one in which 50 percent of the total energy (yield) is 
derived from the fission process. Nuclear fission refers to the splitting 
of heavy atoms such as uranium and is the primary source of con- 
tamination of radioactive fallout particles. 


SA on bomb has the same explosive energy release as 1 million tons of TNT, The Hiroshima 
bomb yield was estimated at 20,000 tons of TNT, or 20 kilotons, 
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CASUALTIES AND DAMAGE TO DWELLINGS 


The expert testimony and supporting scientific data presented at 
the subcommittee hearings indicate that under present conditions such 
an attack would have cost the lives of approximately 50 million 
Americans, with some 20 million others sustaining serious injuries. 
More than one-fourth (11.8 million) of the dwellings in the United 
States would have been destroyed and nearly 10 million others would 
have been damaged. Some 13 million additional homes would have 
been severely contaminated by radioactive fallout. Altogether, 
approximately 50 percent of existing dwellings in the United States 
would have thaein destroyed or rendered unuseable for a period of 
several months. 

Although the weapon detonations used in this exercise were desig- 
nated as surface bursts, which would maximize the local radioactive 
fallout hazard, nearly 75 percent of the deaths would have resulted 
from the blast and thermal effects, combined with immediate radiation 
effects. Only 25 percent of all fatalities would have resulted from 
fallout. At the same time, more than half of the surviving injured 
would have radiation injuries. 

Most of the damage sustained by dwellings would have resulted from 
the blast and thermal effects. 


BIOLOGICAL EFFECTS 


The three casualty-producing phenomena of nuclear weapons— 
blast, thermal, and radiation—occur in varying combinations, depend- 
ing on proximity to the point of detonation. At close range one would 
encounter all three, including fallout radiation as well as immediate 
radiation from the fireball, 


1. Blast effects 


Blast produces primary effects resulting from the blast wave itself 
(lung damage, rupture of eardrums) ; secondary effects, resulting from 
flying fragments (loose debris, building materials) propelled with 

eat force by the blast wave; and tertiary effects, resulting from the 

ody itself being thrown violently by the blast wave. In addition, 
miscellaneous injuries will result from conditions created by the blast 
on surrounding objects (e.g., broken mains, downed power lines). 

Approximately 95 percent of the blast casualties produced by @ 
10-megaton weapon will result from the secondary and tertiary blast 
effects. For this size weapon the secondary effects are important to a 


distance of 11 miles; the tertiary effects can occur to distances of from 
7 to 16 miles, 


2. Thermal effects 


Thermal effects consist of fires caused by direct ignition of com- 
bustible materials, skin burns on exposed portions of the body, and 
temporary or permanent blindness from the intense light of the fireball. 

In the hypothetical attack situation posed by the subcommittee, 
thermal effects, including the hazard of mass fires (“fire storms’), 
could extend over large areas, in some cases up to distances of 20 to 
25 miles from the point of detonation. 


44501°—go-——8 
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8. Radiation effects 


The most severe form of radiation injury, under conditions of nu- 
clear war, would be that resulting from severe exposure to the primary 
radiation “flash” (close to ground zero) or that attending whole body 
exposure to close-in fallout during the first day or so. However, 
severe irradiation could occur as a result of prolonged exposure to 
local fallout even after the first day unless survivors were provided 
with adequate shelter protection. Direct contamination of the skin 
with fallout debris could produce painful “‘beta burns” due to the ac- 
tion of beta rays irradiating the skin and outer layers of the body 
surface. In addition, there is an internal hazard of radioactive ma- 
terial which gains entry into the body through inhalation, ingestion, 
or through open wounds. 

(1) Acute effects Instantaneous radiation doses of 5,000 roentgens 
or pueaiee immediately produce symptoms of shock; death occurs with- 
in hours. 

Radiation doses of 1,000 to 5,000 roentgens produce nausea and 
vomiting, fever and general fatigue within a few hours. Temporary 
recovery is followed within 1 or 2 weeks by reappearance of symptoms 
and probable death. 

Exposure to doses of 200 to 1,000 roentgens causes nausea and 
vomiting within a few hours and in the period of from 2 to 4 weeks 
after exposure major changes will occur in the composition of the 
blood, rendering the body particularly susceptible to infections during 
this time. Approximately one-half of those exposed at the level of 
450 to 700 roentgens would be expected to recover if not subjected 
to additional physical stress or radiation. The other one-half would 
die within 2 to 4 months. Probability of recovery increases greatly 
at levels below 450 roentgens. 

Radiation doses of 200 roentgens or less will produce only mild 
symptoms of nausea and vomiting. Changes in the blood may occur 
later, but individuals so exposed usually will not require hospitaliza- 
tion. 

(2) Effects of protracted radiation.—Higher radiation doses can be 
tolerated by the body without developing symptoms of acute radia- 
tion illness if exposure is spread over a longer period of time. Ap- 
proximately 90 percent biological recovery can occur with continued 
or repeated exposures, but the remaining 10 percent nonrepairable 
injury may produce late effects, such as cancer, over a period 20 years 
or more. 

When only a part of the body is exposed, the ability to recover is 
greatly shaneuaed: For example, the exposure of a person’s legs alone 
to 500 roentgens of radiation would not result in a lethal dose. 

The probability of increasing the incidence of leukemia and other 
types of cancer is considered proportional to the average total radia- 
tion dose sustained by the surviving population. Potential deaths 
from this cause are estimated as about 2 percent of the deaths attrib- 
utable to acute radiation injury. These deaths will be spread out over 
a period of decades since it is a characteristic of radiation-induced 
cancer to be long delayed after incidence of injury. 

(3) Skin burns from fallout—Skin burns can be caused by beta 
rays from the fallout particles coming in direct contact with the skin. 
However, very large doses of beta radiation are required to produce 
severe burns, and the particles may be removed from the skin by good 





BIOLOGICAL AND ENVIRONMENTAL EFFECTS OF NUCLEAR WAR 7 


personal hygiene. Though less a threat to survival than whole body 
pane: radiation, beta burns can create open lesions which are easily 
infected. 

(4) Inhalation and ingestion hazards from fallout.—Limited data 
suggest that inhalation (through breathing) and ingestion (through 
eating and drinking) of radioactive materials would in general con- 
stitute a relatively small hazard in comparison with total body 
radiation from the fallout field itself. The testimony indicated 
that this type of exposure would not become a major threat to survival 
in the immediate postwar period. 

(5) Genetic effects —The study of genetic effects of massive radiation 
on man is very limited. There is considerable evidence that the radia- 
tion exposure of a nuclear war would greatly increase genetic muta- 
tions for some succeeding generations. However, the widespread 
argument that the ultimate genetic consequences could lead to the 
virtual elimination of the human race is not supported by the testi- 
mony. The concensus of expert testimony was that the race could 
and would survive the type of hypothetical attack considered in these 
hearings, notwithstanding the inevitable costs in physical impair- 
ments and deaths due to additional genetic mutations. 


ENVIRONMENTAL CONTAMINATION 


A subject of major importance to the surviving population of a 
possible nuclear war is the consequences of introducing large quantities 
of radioactive materials into the environment. Three main categories 
of effects were considered with respect to environmental contamina- 
tion: effects on animals, effects on food supplies, and long-term effects, 


1. Effects on animals 


It is quite probable that very large numbers of animals used as a 
source of food would be killed by exposure to fallout. Many mammals 
have an LD-50 * in the range of 500-1,000 roentgens and since they 
would be provided with little shelter, fallout would be expected to 
exact a heavy toll. However, surviving animals might well serve as 
a source of food, freer from radioactivity than other foods, if the flesh 
is eaten and certain organs and milk are discarded or used only as 
animal food. 

Although some animals may incur increased incidences of disease 
due to lowered body resistance, radiation doses in the lethal range are 
necessary to impair fertility. The deleterious effects of genetic mu- 


tations in these animals could be ameliorated by the practice of selec- 
tive breeding. 


2. Effects on food supplies 


Food crops already harvested and not destroyed by blast and 
thermal effects may become contaminated by local fallout. However- 
the radioactive particles can normally be removed. 

The principal barrier to the recovery of growing food crops would 
be the shortage of fuel and machinery, together with the radiation 
hazard to wotkeb. 

_ In general, if the external gamma radiation level permits the grow- 
ing, harvesting, and processing of foods, the corresponding threat of 
radioactivity in this food when consumed would not impair survival 
and recovery from the attack. However, in zones of heavy local 


iT 
‘ Lethal} dose for 50 percent of those exposed. Of. pp. 13-14 
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fallout decontamination would be required to reduce the strontium 90 
content of the soil to a level acceptable for production of some food 
crops and milk. 


8. Long-term environmental effects 


Although much remains to be learned about the long-range impact 
of a nuclear war on ‘the balance of nature,” the concensus of the 
testimony was that, despite the severe shock, life would continue and 
full ecological recovery would eventually occur. 


ADDITIONAL DATA ON RADIOACTIVE FALLOUT 


Several additional factors presented to the subcommittee with 
respect to radioactive fallout are considered highly important. 

(1) The worldwide strontium 90 fallout resulting from the assumed 
attack would not pose a major survival problem in countries not 
attacked. The level of strontium 90 deposited from long-term fallout 
would be higher than the maximum permissible concentration rec- 
ommended for the population as a whole on a peacetime standard, 
but lower than the recommended maximum permissible occupational 
dose under controlled conditions. 

(2) The actual release of gamma radiation energy from fission prod- 
ucts differs significantly from that represented by the standard for- 
mula (t7'* rule) contained in the official Government publication, 
“The Effects of Nuclear Weapons.”’ New calculations indicate that 
early dose rates will be of greater intensity than previously believed 
and that over a long period of time the rate of decline will be more 
rapid. While the problem of immediate survival in a nuclear war is 
thus increased, the problem of long-term recovery is reduced. 

(3) Local fallout is significantly affected by wind and weather. 
Actual fallout contours will differ markedly from the idealized cigar- 
shaped patterns normally used as a basis of estimating fallout effects. 
Moreover, peak fallout intensities will almost never occur at or near 
the point of weapon detonation. For example, the maximum fallout 
intensity for a weapon of a 5- to 10-megaton yield may appear at a 
distance as great as 60 to 70 miles from the point of detenation. 


SURVIVAL MEASURES 


Probably the most significant finding presented to the subcom- 
mittee was that civil defense preparedness could reduce the casualties 
of the assumed attack on the United States from approximately 30 
percent of the ——- to about 3 percent. The provision of shield- 


ing against radiation effects would at the same time protect against 


blast and thermal effects for the vast majority of the population. 
The cost of providing high-performance shelter protection for 200 
million people was estimated at between $5 billion and $20 billion. 
The main conclusion presented to the subcommittee was that the 
country must have a national radiological defense system if the Nation 
is to withstand and recover from an attack of the scale which is pos- 
sible in an all-out nuclear war. 
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STRATEGIC IMPLICATIONS 


In the course of the hearings the subcommittee received testimon 
on some of the strategic implications of the scientific data presented. 
A digest of this testimony and related panel commentary is included 
in an addendum to the report. 


Ill. Tue Arrack PATTERN AND Basic AssuMPTIONS 


The attack pattern and basic assumptions established by the sub- 
committee for consideration in these hearings reflected an attack 
against the United States on a limited scale. That is, the number 
and total megatonnage of weapons employed were less than the maxi- 
mum which a potential enemy is capable of launching against the 
United States. 

At the same time, the pattern of the hypothetical attack was de- 
signed for a greater dispersion of weapons than would obtain in a 
scott “limited” attack directed only against U.S. strategic offensive 
orces. 

Although no classified information was utilized and the attack pat- 
tern was developed without assistance from any governmental agency, 
the realism of the assumptions was confirmed at the request of the 
subcommittee by competent military experts. 

The targets in the United States were selected on the basis of 
criteria used by the Office of Civil and Defense Mobilization in its 
unclassified civil defense exercises and from published lists of military 
bases and Atomic Energy Commission suatelativina, 

The hypothetical attack consisted of 263 nuclear weapons delivered 
on 224 targets in the United States. The total megatonnage (millions 
of tons of TNT explosive equivalent) of the attack was 1,446, con- 
sisting of weapons ranging in size from 1 megaton to 10 megatons, as 
indicated in the following table: 


Taste IlI—1.—Weight of the attack 











Number | Weight of 
Size of weapon used attack 

(megatons) 

3 MAQNME.. cccccesstdesphet ceitidcclasibdinrincibii tan taiaabaaas 60 600 
S SREIIIDG. ..cncncoccusucadilanisinagneaeandinnadittssdeamaimasilininiamstiabsddiiiiiahiediibinds 74 592 
SIREN, capecocceupnainb aces psshaneatiedaninenpememiiininnd dpcitieninteil 44 132 
DERE, cndecccapuiciibessdigndiigiekunstiinmmactdntanaenacmbaln diesel 37 74 
EAGT C5 occnnecidtticnshh nittbodsitiabttienhcddtacckbiantdbnthaiabadsil 48 48 
TO sind dicdvindawswibsindibadddwetlibccknsksbunhalibmbiascdamalibadmmnu 263 1, 446 


Of the 224 targets, 71 were large industrial and population centers 
officially designated by the OCDM as “Critical Target Areas.” Mili- 
tary installations constituted an additional 132 targets and the re- 
maining 21 targets were Atomic Energy Commission facilities. 

The following table indicates the dispersion of weapons among the 
Several classes of targets: 
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Taste II—2.—Targets of the attack 








Type of target Number |Numberof; Weight 

“weapons | (megatons) 
Br BEE) CDs ccenadtcqccnscoesuscusbdbcapapnscauatacpanntedn lll 111 645 
CeO Bit BIO, og scconntntininbictesunhecéscoctinininitinnnwabadegn 71 110 567 
Ae TE c ncsnndinsneiidinancignsignsvaensndinlnbatinnealpel: 21 21 168 
Army installations...............----..-cccenncreocneeecennoosensnesene 12, 12 24 
DiC T MSE 6 Giddntincesenctbbiesnibevtyctooudeiliesaneda 5 5 28 
ES SEE SEE cn cccnccticannndacbicsoutepeatamedenonaaiiag 4 4 14 





IS NN a lee te 224 263 | 1, 446 


All weapons were arbitrarily designated as 50 percent fission and 
50 percent fusion weapons detonated at ground iavel. that is, with 
the fireball touching the earth’s surface. Each weapon was assumed 
to have been detonated at or near its specified target by using a 
standard statistical method for random bombing errors. 

The total of 1,446 megatons was considered the yield of the weapons 
detonated, not the gross attack which the aggressor force might have 
launched initially, and no attempt was made to “war game” the 
overall problem of weapon delivery, interception, and retaliation. 

For purposes of computing worldwide fallout and its effects for a 
period of 5 years after the attack, again without war gaming, it was 
assumed that 2,500 megatons of weapons were detonated on areas of 
the Northern Hemisphere outside the continental United States, rep- 
resenting the net result of attacks on U.S. overseas bases and US. 
retaliatory strikes against the aggressor homeland. 

The general distribution of targets in the United States is illustrated 
on the map in figure ITI—1. 

The time of the hypothetical attack was set at 12 noon Greenwich 
time (7 a.m. eastern standard time) on a typical October day, which 
assumes completed harvest and storage of food crops in the aggressor 
homeland. The actual weather conditions used in plotting fallout 
patterns and determining the effects of meteorological factors were 
those recorded for October 17, 1958, a typical fall day. It was nec- 
essary to select a particular day in the past in order to provide the 
weather data for accurate calculations, 


IV. Bastc Errects or WrArons Empioyep 


As indicated above, the weapons employed in the hypothetical 
attack assumptions consisted ak 50 percent fission and 50 percent 
fusion weapons ranging in size from 1 to 10 megatons, all detonated 
at ground level. The following data concerning the basic effects of 
these weapons were presented at the subcommittee hearings. Later 
sections of this report will discuss the biological and environmental 
effects of these weapons in greater detail, 


1. Partition of energy in a nuclear explosion 


About 35 percent of the total energy of a nuclear explosion is given 
off as radiant thermal energy or heat, in much the same way as the 
sun radiates heat. Another 50 percent of the bomb energy is contained 
in the blast wave that travels several times the speed of sound. About 
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5 percent of the total energy is given off directly from the exploding 
bomb as prompt nuclear radiation in the form of gamma rays, neu- 
trons and other particles such as alpha and beta. The remaining 10 
percent of the total energy is released from the radioactive-fission 
products over long periods of time. 
In the case of a large yield surface burst, such as the 10-megaton 
weapon used in the subcommittee’s assumption, approximately 80 
ercent® of the fission products fall back to the ground to form the 
ocal fallout pattern. About 15 percent of the fission products from 
a surface burst remain high in the atmosphere (stratosphere) for very 
long periods of time (half residence time the order of a year or more) ? 
and return to the earth’s surface as worldwide contamination. Ap- 
proximately 5 percent would be worldwide tropospheric (lower atmos- 
phere) fallout in a band near in latitude to the point of detonation. 


2. Diffierences in airbursts and surface bursts 


Airburst.—An airburst is one in which the fireball does not come in 
contact with the ground. (See fig. 1V—1.) In a large-yield airburst 
reerly all of the fission products are deposited in the stratosphere, thus 
making a maximum contribution to the worldwide fallout with essen- 
tially no local fallout. The blast wave is reflected and reinforced at 
the earth’s surface. In general, the range of thermal and nuclear 
— received by ground targets will be greater than for a surfe 

urst, , 
Fieurs IV—1 





AIR BURST 





6 The figure of 80 percent may be too high. Actually, there is very little experimental data on the per- 
centage of fallout coming uown locally for surface-burst megaton weapons, The 80 percent figure might well 
be 50 percent under some circumstances, 

7 The mean residence time is the half residence time divided by 0.7. The half residence time is the time 
required for the amount of material in the stratosphere to be reduced by 50 percent. These concepts are 
analogous to the mean life for radioactive decay. 
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Surface burst —A surface burst is one in which the fireball intersects 
the surface. (See fig. [V-2.) Local fallout is maximized in a surface 
burst. A crater is formed in the vicinity of the burst and is highly 
radioactive. The range of thermal and nuclear radiation effects is 
reduced by the natural shielding of hills and buildings. 


, eee 
BURST 








INITIAL NUCLEAR 
RADIATION 





8. Nuclear weapons effects on materials and structures 

(1) Blast—Multistory brick apartment houses are quite vulnerable 
to the blast wave. All such structures would be destroyed within a 
radius of 7 miles from ground zero for a 10-megaton weapon and within 
3 miles for a 1-megaton burst. Thus, a factor of 10 in yield changes 
the radius of destruction by about a factor of 2. 

A well-constructed wood-frame house completely collapses within 
9 miles from a 10-megaton surface burst and within 4 miles of a 
1-megaton burst. 

(2) Thermal.—Fires can be started by the ignition of light kindling 
materials anywhere within about 9 miles from a 1-megaton burst and 
within 25 miles from a 10-megaton burst. Thus, the presence of light 
kindling materials, such as trash, paper, and unpainted wood in a 
residential area will probably result in widespread fires. 

(3) Nuclear radiation.—Initial nuclear radiation and fallout have 
very little effect on most inanimate materials. However, fallout can 
deny the use of inanimate objects to man until they are decontami- 
nated by removing the radioactive particles. 

(4) Crater.—Such hard structures as underground installations are 
quite invulnerable to the other effects, but can be ee by the 
cratering effect of a surface burst. (See fig. IV-3.) The damage 


would not be confined to just the crater dimensions, but would extend 
also into the rupture zone, a region having a diameter about twice the 
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crater diameter. Almost no structure nor its occupants would sur- 
vive within this region, 

Ficure IV-3 


CRATERING IN DRY SOIL 
1MT 





4. Nuclear weapons effects on man 


(1) Blast—Blast overpressure in itself is not a significant casualty 
agent. However, the secondary effects and injury caused by crum- 
bling buildings, flying debris, and man himself being thrown about, are 
certainly significant. Extensive blast injury can be expected at 
distances at which brick apartment houses collapse (7 miles from 
10 megatons and 3 miles from 1 megaton). Extensive window 
breakage and flying glass would also occur at these and somewhat 
greater distances. 

(2) Thermal.—Second degree burns of the hands or face will 
incapacitate an individual. For a 1-megation burst, an exposed 
person 9 miles from ground zero on a clear day can be expected to 
receive second degree burns on the exposed skin. For a 10-megaton 
aes this range would be less than three times as great, or about 25 
miles, 

(3) Initial radiation.—Nuclear radiation is measured in units of 
rem (roentgen equivalent mammal), A rem is defined as the amount 
of radiation of any type required to produce a biological effect equiva- 
lent to that of 1 roentgen of X-ray. Two hundred rem will cause 
vomiting and nausea in 50 percent of a group of people by the end of 
the first day, but none or very few would be expected to die. A dose 
of 450 rem would cause vomiting and nausea in all of a group by the 
end of the first day, and according to the official handbook entitled 
“The Effects of Nuclear Weapons,” * about half of the people so 
exposed would be expected to die within 30 days. This is termed the 
v's OS Seo ee een ae! tare ne at Beant mtn yt 

44501°—59—_8 





14 BIOLOGICAL AND ENVIRONMENTAL EFFECTS OF NUCLEAR WAR 





“lethal dose 50 for 30 days” (LD 50). However, data suggesting 
higher dose rates for 50 percent were presented to the subcommittee 
and are discussed later in this report, beginning on page 37. When 
exposed to 600 rem the entire group would become sick within 4 hours 
and a very large percentage of them would soon die. With a dose of 
1,000 rem, all would be incapacitated within 1 to 2 hours, and all | 
would die very soon thereafter. 

Nuclear radiation emitted directly from the exploding bomb within 
the first minute would be at least 700 rem within a range of 1.5 miles 
from a 1-megaton burst and within 2 miles from a 10-megaton burst. 
This is a prompt dose of radiation that certainly means death to the 
unshielded or unsheltered in this region. It is, however, a region for 
large-yield surface bursts where blast and thermal effects are also 
extremely hazardous or lethal to the unsheltered population. 

(4) Local fallout—Due to the assumption that all the weapons used 
in the Subcommittee’s exercise are detonated at ground level, that is, 
with the fireball touching the surface of the earth, maximum local 
fallout would result. 

Generally stated, in a surface burst, large quantities of earth are 
drawn into the fireball and become mixed with the fission products of 
the weapon. This mixture of earth and fission products is carried 
to high altitudes by a rising column of heated air. Upon cooling, 
this material gradually falls back to the earth. These particles, con- 
taminated with radioactive products, are the fallout. 

Local fallout is that which comes down in the general region of the 
earth in which the detonation occurred, that is, within several hundred 
miles, at most, and within a few days. 

The local fallout pattern is usually irregular in shape but having 
the general outline of a long cigar with one end at the burst point. 
For a 10-megaton surface burst with 50 percent of its yield due to 
fission, there would be an area of about 2,500 square miles (extending 
about 150 miles downwind and having a maximum width of about 
25 miles) within which all people exposed in the open without shelters 
would obtain a dose of at least 450 rem during the first 48 hours. 
The dose of 450 rem would occur on the edge of the fallout pattern. 
Inside of the 2,500 square miles the fallout radiation and doses would 
be greater near the center of the fallout pattern and at distances 
closer than 150 miles downwind from the burst. The fallout 
radiation would be less outside of the 2,500 square miles area at 
distances greater than 150 miles downwind or away from the center 
of the fallout pattern. Inside of the above fallout pattern for a single 
weapon there are areas with radiation intensities as high as 3,000 
roentgens per hour up to 1 hour after the detonation. 

(5) Worldwide fallout—Worldwide fallout is produced by the fine 
particles which ascend high into the troposphere and stratosphere, are 
carried by the winds around the earth, and descend over a long period 
of time. Tropospheric fallout descends within about 1 month in a 
more or less banded region of the same general latitude of the deto- 
nation. Stratospheric fallout is more delayed, occurring within a 
few months to a few years. 

spore 20 percent of the total fallout of the weapons used 
in the subcommittee’s exercise would be of the worldwide type. 
Fifteen percent would be stratospheric and about 5 percent would be 
tropospheric. 
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Figure V-5 
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Figure V-4 
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SUMMARY OF EFFECTS FOR 1-MEGATON AND 10-MEGATON NUCLEAR 
WEAPONS 


Blast, which is primarily a damaging agent to inanimate objects 
such as buildings, produces flying debris which is a hazard to man. 
The cratering effects result in the destruction of even deep underground 
structures. 

Thermal radiation damages both humans and combustible struc- 
tures and materials. 

Nuclear radiation, including both the initial and residual fallout are 
primarily hazards to man and animals. 

The distances and areas covered by various effects are contained in 
the following table: 


Tas_Ee 1V-1.—Summary of effects of the assumed nuclear weapons 1 to 10 megatons 


1 megaton 10 megatons 
A. Inanimate objects: 
1, Crater (dry soll)............... Radius, 650 feet; depth, 140 | Radius, 1,250 feet; depth, 240 
leet. eet. 
2. Brick apartment houses col- | Radius, 3 miles_............... Radius, 7 miles, 
apse, 
3. Ignit ~ of light kindling ma- | Radius, 9 miles................ Radius, 25 miles. 
terials, 


B. Man: 
1, Blast injury (flying debris)....| Radius, 3 miles; area, 28 | Radius, 7 miles; area, 150 
miles miles. 


us h square ‘ 

2. 2d degree burns on bare skin...| Radius, = es; area, 250) Radius, 25 miles; area, 2,000 

uare“miles. es. 

3, Initial nuclear radiation (700 | Radius, | miles; area, 7 fus, 2 miles; area, 12.5 
miles. 


rem). square & square miles. 
4. Fallout, 15-knot winds (450 | 40 miles downwind; 5 miles | 150 miles downwind; 25 miles 
re 


m in 48 hours, no shield- crosswind; area, 200 square crosswind; area, 2,500 square 
). miles, miles. 


V. Raproactive Fatutout Patrerns, Puysican DamMaGE AND 
CasuALTIES IN THE UNrTED STATES 


Based on the specific attack assumptions developed by the sub- 
committee, the Office of Civil and Defense Mobilization prepared a 
damage assessment with respect to blast, thermal, and fallout effects 
on > Nas and people during the period of 90 days following the 
attack. 

While the snag ad effects of nuclear explosions may claim the 
greatest number of victims, the threat of persisting radioactivity 
poses the greatest hazard to survivors. It was for this reason that 
the subcommittee devoted much of its investigation to the problem 
of radioactive fallout. 


FALLOUT PATTERNS 


The fallout situation plotted by the OCDM is depicted on the maps 
reproduced in figures V—-1, 2, 3, 4 and 5 showing conditions at the post- 
attack time periods of 1 hour, 7 hours, 2 days, 2 weeks, and 3 months. 

These maps show the progression of fallout across the United 
States during the first 2 days postattack and then indicate its sub- 
sequent retreat as radiation decay begins to predominate over further 
deposition of fallout. At 1 hour post-attack less than 10 percent of 
the country is affected by fallout but the dose rates are very high, 
exceeding 3,000 roentgens per hour in some areas. By 7 hours, 
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approximately 30 percent of the national land area is covered by 
fallout intensities exceeding 1 roentgen per hour; and after 2 days 46 
ercent of the national land area is affected by intensities ranging 
rom one-tenth roentgen per hour to greater than 30 roentgens per 
hour. Two weeks after the attack, as a result of radiation decay, 
only 15 percent of the national land area has fallout intensities 
exceeding one-tenth roentgen per hour and after 3 months only 5.8 
percent of the area is affected by this intensity. 

Two important factors concerning these fallout data require special 
attention. First, it is important to distinguish between the radiation 
dose rates, indicated here, and total dose accumulation, that is, the 
total dose which an unsheltered person would receive in a given 
period of time at a specified ssvenahis location. Secondly, the stated 
dose rates as computed by OCDM are based on the t~'? decay 

a which is at variance with later findings of the U.S. Naval 
adiological Defense Laboratory. 

The t~"* rule, which long has been accepted by the scientific 
community, simply means that in general the radiation intensity 
existing 1 hour after a nuclear explosion will decline by a factor of 
10 for every sevenfold increase in time. That is, if the 1-hour 
postattack dose rate is 3,000 roentgens per hour, 7 hours after the 
explosion the rate will be 300 roentgens per hour. Forty-nine (77) 
hours after the explosion the rate will be 30 roentgens per hour. At 
343 - 7X7) hours after the explosion the rate will be 3 roentgens 

er hour. 
t Although the NRDL data suggest a slower initial decline in dose 
rate, they indicate a more rapid decline after 1 year. However, 
whether one uses the t™'? rule or the NRDL data, the requirement 
for population shielding in the period immediately following a possible 
attack remains substantially the same. A fuller discussion of the 
NRDL data is contained in a later section of this report, beginning 
at p. 28. 

With respect to total radiation doses, data presented at the hearings 
indicate that in some sections of the country the hypothetical attack 
would have produced accumulated doses exceeding 12,000 roentgens 
during the first 3 months. As pointed out by OCDM witnesses, this 
means that persons who survived the initial impact of the attack in 
such highly contaminated areas would have to be moved to safer 
locations. 

It should be noted that the official OCDM position with respect to 
the radiation hazards of a possible nuclear war is that fallout shelters 
should be prepared for the entire population of the United States. 
Although the fallout projections in figures V-1, 2, 3, 4, and 5 show 
some areas of the country to be free of fallout and others to be con- 
taminated with extremely low radiation intensities, such areas cannot 
be accurately predicted in advance of a possible attack because of 
variables in such factors as target selection, aiming errors, weapon 
sizes and weather conditions. 


DAMAGE SUSTAINED BY DWELLINGS 


The blast damage sustained by dwellings in the United States as a 
result of the hypothetical attack is indicated in table V-1. Eleven 
million eight hundred thousand dwellings, or more than one-fourth of 
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the dwellings in the United States, suffered damage to the extent that 
they would not be salvageable. 

An additional 8.1 million dwellings suffered moderate damage and 
would have to be evacuated for re repairs; and 1.5 million dwellings 
suffered light damage. ‘This totaled 21.4 million dwellings damaged. 


Taste V-1.—Effecis on dwelling 


Blast effects: Units 
PGE RIS on. ccna no onknetane pata ose eitienws acd 11, 800, 000 
Metlerate Gemeee. 2. bee 8c SSL LES US ae ee 8, 100, 
Rahs CI 8 i. ODA EE SR 2 Soe. 2 1, 500, 000 

Fallout effects: 

Greater than— 
See WROTE OOP TEE ne a. nt neni cin cenit escieee oie 500, 000 
1,000 toe 3,000 roentgens per hour__._.....--.---.-----.--. 2, 100, 000 
100 to 1,000 roentgens per hour__..-..-.-.----------- 2 10, 400, 000 
Less than 100 roentgens per hour..............---..-....--. 11, 700, 000 


Outside the areas of blast and thermal damage, some 2,600,000 
dwellings sustained radiation intensities exceeding 1,000 roentgens 
per hour and would have to be evacuated and abandoned for periods 
extending up to several months. An additional 10.4 million dwellings 
sustained radiation intensities varying between 100 and 1,000 roent- 
gens per hour. With major decontamination effort most of these 
10.4 million homes could be recovered by 60 days postattack. 

In summary, almost 50 percent of existing dwellings in the United 
States were either severely damaged or contaminated by fallout to 
the extent that they would not be usable for at least several months 
postattack. 

CASUALTIES 


Based on 1950 census data, it was calculated that 19.7 million per- 
sons would have been killed the first day; 22.2 million additional 
persons would have been so badly injured that they would subsequently 
die of their injuries. There would have been approximately 17.2 million 
additional persons injured who could be expected to recover from the 
injuries received. Of those killed, 25 percent would have died from 
fallout and approximately 75 percent would have died as a result of 
blast and thermal injuries, combined to a great extent with radiation 
injuries. 

Of the surviving injured, approximately 6.3 million would have 
blast and thermal injuries and 10.9 million would have radiation 
injuries. 

Due to the population increase of approximately one-sixth since the 
1950 census, it was noted that these casualty estimates might be 
increased by approximately 16 percent on a national basis. If this 
increase is included, the above casualty estimates would be changed 
to 22.8 million persons killed on the first day; 25.7 million additional 

ersons fatally injured; and 19.9 million persons nonfatally injured. 
his increase, however, cannot be accurately applied to individual area 
estimates. 

The charts which follow (tables V-2 and 3), again based on 1950 
census data, show the numbers of fatalities and surviving injured by 
OCDM regional areas, by States, and within the 71 population and 
industrial centers included as targets in the hypothetical attack. It 
will be noted that of the total 19.7 million people killed on the first day, 
approximately 11.4 million were in the 12 largest metropolitan areas 
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in the United States. ‘The New York City area sustained the greatest 
loss with over 6 million dead or dying and over 2 million surviving 
injured. Seventy-five percent of the persons living in the Boston 
area were killed, and in Los Angeles fatalities amounted to 65 percent. 
In Chicago fatalities amounted to only 18 percent of the population, 
while in Baltimore they approached 80 percent. 

With respect to radiation casualties, it is important to note that the 
OCDM estimates assumed that the population would take advantage 
of the fallout protection provided bss existing buildings. The pro- 
tection factors used in these estimates ranged from a reduction to 
one-half for those afforded the worst protection to a reduction to 
one two-hundredth for those afforded the best protection. It is 
possible that some groups of the population would have less protection 
than one-half reduction and some would have better protection than 
one two-hundredth reduction, but in the opinion of the OCDM the 
differences in the national totals would not be significant. 

A factor of considerable significance, however, is that the above 
radiation casualty estimates are based on the t~'? radiation decay 
rule, rather than on the most recent decay data deveioped by the 
Naval Radiological Defense Laboratory. Estimates based on the 
NRDL data, and subsequently presented by the OCDM at the re- 
quest of Chairman Holifield, indicate that there would have been 5.1 
million more fallout fatalities and 1.6 million more nonfatal fallout 
casualties than the t~!* assumption indicated. The totals would 
then be 53.6 million fatalities and 20.5 million nonfatally injured. 

It should also be noted in this connection that an upward revision 
of the estimated:LD 50 rate (the radiation dose at which one-half 
those exposed would be expected to die), as suggested by some wit- 
nesses, would reduce the overall casualty estimates to some extent. 

The subcommittee believes it is also important to note that almost 
100 million of our people (56 percent of the population) would have 
survived this hypothetical attack without suffering blast, thermal, or 
serious fallout effects. Further, as pointed out by the OCDM, more 
than 96 million people in the United States do not live in or near 
likely target areas and could be expected to survive a nuclear attack 
merely through the provision of fallout shelter and a 2 weeks’ supply 
of food and water. 

The subcommittee recognizes that the long-range problems of a 
post-nuclear-war period would be extremely difficult, but this phase 
of recovery and rehabilitation was not within the scope of these par- 
ticular hearings. A study of this aspect of national survival might 
well be explored by an appropriate committee of Congress, 
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TaBLE V-2.—Effects on individual metropolitan areas 
[In thousands] 



























































































Target area and weapons people in killed fatally 
attacked Ist day injured 
areas ! 
Two 10-megaton weapons each: 
DORN ci caaniadsdcckscbhahescososscseaethdl 2, 875 1, 052 1,084 467 
CRG oS kpc cccsccckcctiggtewcensassauean 5, 498 545 648 
TREE. 55 Ti decnsccccnddtesscscesoaneil 3,017 820 557 
OG: BRUNE 5 ooo cn ccnccnsgesccascsasosebad 4, 367 698 2, 136 814 
EGE TF OEE GING oc nccnncepdthoceccnccocendat 12, 904 3, 464 2, 634 2, 278 
Phiteieinblts <:..<<.-c.cb accbccc-..c ans 3, 671 1, 309 771 
Buibbotel... .cascnccanscnantecsanceuness wins 32, 332 7, 888 7, 883 5, 541 
al eee ti 
One 10- and one 8-megaton weapon each: 
I i ecientnradtaditiescbene cheung 1, 338 591 174 
CO eit cnccccctetindiiesecccoseuaie 1, 466 394 316 
PD sis ccd cndcdueubddpwenccocatenndial 2,214 597 43 
Oh. DARE, ticoscccdsancndipecccsssiiedeeil 1, 292 563 161 
ae PORNO. 5 oo cncccchvaiccscsdinccoutal 2, 241 734 301 
WIG, DAG. ccoctcpecssasccsnsecnmen 1, 465 579 228 
DONNIE a kisictwctictspccchatuiiousaiiene 10, 016 3, 458 2, 995 1, 223 
——————= | 
One 10-megaton weapon each: 
EER ob ci hoc cecccc cap decccccoctnetinl 672 155 160 
icicle le 1,089 253 158 
Cincinnati. 904 461 93 
Dallas_..... 614 130 124 
Houston. .... 807 81 114 
Kansas City. 814 265 144 
Milwaukee..... 872 151 189 
Minneapolis-.. 1,117 201 97 
New Orleans....- 685 319 74 
Teen co csect 705 156 131 
ROT MOD. ncendenacebsnadenncuionaauinantl 682 210 144 
BONGO... ncccncdutntsdeabdsbacdenseepekind 732 168 126 
Batak . .cicccconnisetsccnsnccsnsssaneii 9, 693 2, 550 2, 103 1, 554 
—_——————> 
One 8-megaton weapon each: 
BEREEG .. o 6 wocentncnticcchosemsensbbcnusccy 514 63 
TRRERONS . cw sscimgnccensscchatmapecedsong, 559 159 86 
OstIRDUS....ndccuctahocstccncucasnoncesoce 504 245 54 
SRE. den cencccncccncpotsneseceaseeeened 458 200 58 
RR 6 od cceuesencccnnubyrutesconcurct pens 564 138 118 
ee a 552 137 109 
SAGRIVENE, <i pwcccccascubduipenccasnnsdniah 577 264 59 
EGS |. th ccccnnnicacpihipensadeswunaedel 482 76 97 
TROUT « ocubiibehuvacsecchulipledpacsccemtedlll 446 180 59 
OIE cttiscenwcenecccbiiipseorsccconseiigid 488 212 59 
Std DUGBG cnchovncwcnccabeittcccceccasepaie 557 58 126 
POC iii iccrecccbaiinpeeonscniaetii 529 121 76 
Gubbotel...ccaccencancutsiseesccosscasintii 6, 230 1, 859 1, 495 964 
One 3- and one 2-megaton weapon each: 
DIE co tacescnentincinsemenncnnaeigpimeniiit 410 162 66 
BRACE, o.ninéindbcintinvesstnacddet nw 436 45 117 
DOES:  thenctincescebdibeccotunseaal 361 73 74 
Hartford (New Britain).................... 539 124 119 
Springfield-Holyoke_....................... 456 157 72 
END nahn caimdiapamdbaiele manana 396 107 75 
Witte - Dek cdncccatentcthichicvaninddithd 393 51 63 
DDOOOUE, siithecenccccccbdihibcocnnnsenaia 2, 991 719 586 
SSS SSS 
One 3-megaton weapon each: 
ea ee ae 504 105 54 
I. asco cievaihdnrimenbss taindeinannaiepetasiangedl 283 S4 42 
SOIT 5 i, a nnpenntnneipindmiaananliilend 246 85 29 
SOVONNES 20k... wc ccpabeliilicuannacnasdil 234 73 53 
TN ithe ti ai tai Tee ee oe ca idee 219 54 42 
NR. <del. nani nisthellieatnemadieadial 271 77 39 
COPRENG DOIED cco cncdnbidipancinicnséutednll 287 124 21 
I i a a 337 112 38 
SURI Ti* --uncncehdipeconssanapebeliid 235 54 49 
New Haven (Waterbury)............--.... 546 192 95 
hihi hein cienabinah inasinivccinimeneissttatiadasebiaaal ied 250 84 28 
I a a a dae 256 72 60 
BONG BOE. casuncsnaisenaanind maneenanpeenne 205 84 b4 





See footnote at end of table, p. 20. 
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TaBLe V-2.—Effects on individual metropolitan areas—Continued 













































[In thousands] 
Number of Number Number Number 
Target area and weapons people in killed fatally surviving 
attacked Ist day injured injured 
areas ! 
One 3-megaton weapon each—Continued 
Us Sits mineebiatiaitiens paadenemien 342 89 68 73 
yy. oh 230 41 80 97 
Utica-Rome R 284 107 60 2 
NGS eK nn wemehedn i amemeiimidnsene 355 59 58 46 
wh SS PR Se a 222 78 75 38 
oc ancientiomenabisiinadcsintionie 269 77 76 67 
See neAeectsecentetetivinaghicnn ascent 547 128 151 97 
sean cle a Bp al IRI es 6, 122 1,779 1, 463 1, 004 
One 1-megaton weapon each: 
pS ERE ERS 185 58 32 17 
DOGRTI nc croducninadcanbuddimnabeee 161 60 34 23 
BOG POEL cnnitecinsinsuied tssintpinlinnmentiheatate 184 69 41 23 
COUN init cgmncviiatiinntoudauiesaee 191 28 19 32 
New Britain (included with Hartford). 
aie rad ts on digi ttemreeckb ane 152 42 25 25 
Waterbury (included with New Haven). 
Di inccsductcinninestbanisccdnamapandenad 203 46 31 17 
I  incseintsittdanbtinriinnmaninnginiel 1,076 303 182 137 
City target area total.......-.....--.----- 68, 460 18, 556 16, 825. 11, 009 
Nontarget area total_....................- 82, 239 1, 095 5, 354 6, 182 
niet CIE, cinncnntihiieincnctintioniihiaiia 150, 699 19, 651 22, 179 17, 191 
11950 population figures, 
TasLe V-3.—Effects of attack on individual States 
{In thousands] 
Number Number Number 
State and region ! killed fatally surviving 
Ist day injured injured 
Region 1: 
COI) icidiimettibtncscccntelatal 380 
Nh nical cinch entininlinctineeialaiesiee 77 
Massachusetts. ................ 878 
New Hampshire. 41 
ew Jersey... 1, 209 
New York... 123 
Rhode Island. 192 
VORMIOE2ES Cn ccnrccsadschatcoccetcsunsal > WOtameisiinnie 24 
[RUMI shagmimtwnanadiitennctinnenkiee 4, 924 
S33 
Region 2: 
Delaware 318 67 
803 75 
2, 945 149 
2, 344 330 
7, 948 1, 089 
a aelparmoecnade aiine mivehsonoemeredineiied 10, 495 723 
i I aicinaaltaiieaccdbihtibisctanniiemmhebaiiill 3, 319 233 
cise cueinb adele ceaeasbaee 2, 006 158 
ck diiiincicupnsainil hs diene odin 30, 178 3, 824 
SSS 
Region 3: 
ING Tc nnicdncttenecenaaeneieen 3, 062 248 
Pb Ridncecnnmnaittibataneccunsdeial 2,771 245 
i dali aI hind atacand asin ce 3, 444 417 
M ppl a ia aa sabuiiiea 2,179 160 
North Carolina.............-..-.. onsite 4, 062 389 
SAPP Catolina......~---eeenenv-no-n-n-eo- 2, 117 134 
ijizichrasccneshnpuanenacasciney 3, 292 257 
iki Be ciichiacencreininel Ai citeawineinitinnl otisalba 20, 927 1,850 


See footnotes at end of table, p. 2L, 
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Tass V-3.—Effects of attack on individual States—Continued 
[In thousands} 














Btate and region # killed fatally surviving 
lst day injured injured 
686 878 
370 371 388 
1,020 738 694 
801 594 321 
172 148 258 
3, 089 2, 537 2, 539 
Region 5: 
AIRROIE....iccncnencevedinéhunniiitanidnee 4 59 43 
Louisiana -_..... 2, 683 420 443 291 
New Mexico. 92 108 75 
Oklahoma... 2, 37 166 172 
DORE ..ccikavdsanccrhinctesuucdetcdddtbndniaes 618 1,318 858 
One occa teen bpsdankeneaaeniey hance ptbnenmaenes 1,171 2, 094 1, 439 
Region 6: 
COIN. ntcdntincutcuibbabiiccicniaict 167 205 174 
88 66 58 
113 155 146 
2, 983 15 17 50 
43 47 84 
20 5 5 12 
1 3 10 
32 ARTE e 
464 514 534 
SSS 
50 58 90 82 
1, 47 3, 598 1, 500 
obits bine 23 28 
9 16 27 
1,614 3, 727 1, 637 
Region 8: 
TREE. . cineccunrucshibesasnbnsnciobetendbesati.. i's. tn henaeaaatieih 10 20 
sittin skddudiiaavedininnabictl 2 7 16 
CUNO. 5.5 cil rie snpiniencainiineaieiiamididiniindigan 156 99 114 
WR oat dkotanictnsdianipaernbens 2, 378 253 231 294 
GEOL. .....<acncclipcuinamtihienaceiiates 411 347 444 
——SSSaS>S =_=—_——X—H———————————— > |)_ So 
ee ee 19, 651 22, 179 17, 191 
10CDM regions. 
#1950 population figures. 


VI. Caaracteristics oF Rapioactive Fatwour 


Data concerning the characteristics of radioactive fallout were pre- 
sented to the subcommittee in three general categories: worldwide 
fallout; basic properties and effects of fallout; and factors modifying 
the behavior of radioactive deposits. 


WORLDWIDE FALLOUT 


The charts appearing in figures VI-1 and 2 were prepared by Dr. 
Lester Machta of the U.S. Weather Bureau to illustrate the world- 
wide strontium 90 fallout and the total strontium 90 fallout on the 
United States which would result from the subcommittee’s attack 
assumptions. While these charts depict only strontium 90, the 
results can also be applied roughly to cesium 137.° 


LL 


ts * For Purposes of simplification, short-lived radionuclides were not included in this presentation. There 
woe _ suanatang that these short-lived radionuclides could contribute an appreciable portion of the 
lout dose, 
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Production of radioactive debris 


The total megatonnage of weapons detonated in the subcommittee’s 
attack assumptions was approximately 4,000 (1,500 on the United 
States and 2,500 elsewhere in the Northern Hemisphere). Fifty 

ercent of the energy from each weapon was assumed to be derived 
rom fission, for a total of 2,000 megatons of weapon yield energy 
equivalent of fission products. Each megaton of fission energy cre- 
ates approximately 100,000 curies of strontium 90. Thus, the 2,000- 
megaton energy equivalent of fission produced 200 million curies of 
strontium 90. These curies are divided roughly as follows: 80 per- 
cent is deposited in local fallout, 15 percent in stratospheric fallout, 
and 5 percent in tropospheric fallout. Approximately 20 percent of 
the 200 million curies go into worldwide dispersal.'® 

In the United States, the local fallout deposition was calculated by 
the OCDM based on the idealized model contained in “The Effects 
of Nuclear Weapons” handbook. Since estimates of the total (local 
plus worldwide) as well as the worldwide strontium 90 fallout are 
desired for the United States, it is necessary to convert the external 
dose to the strontium 90 which is associated with the gamma emitting 
fission products. Based on “The Effects of Nuclear Weapeai hand- 
book, and allowing a small correction for shielding of particles in the 
ground, it is assumed that 1 roentgen per hour at 1 hour is equivalent 
to 100 millicuries (i.e., 0.1 curie) of strontium 90 per square mile in 
local fallout. This type of estimating is, of course, very rough. 


Distribution of the worldwide fallout 


The tropospheric strontium 90 is carried rapidly around the world 
in a generally west-to-east direction. It spreads in a north-south 
direction slowly so that the peak fallout is roughly in the latitude of 
_ the war area. The stratospheric fallout is deposited entirely in the 
Northern Hemisphere, peaked at about 45° N. and tapering off toward 
the Equator and North Pole. Both tropospheric and stratospheric fall- 
out are brought down mainly with falling rain or snow; most of the 
tropospheric within about a month after the war and the stratospheric 
within a few months to a few years. The observed rainfall for the 
first month after mid-October 1958 was used in estimating the tropo- 
spheric fallout, and the average annual rainfall, weighted slightly to 
give spring rains a greater effectiveness, was the basis for the strato- 
spheric deposition pattern. 

The peak accumulation of strontium-90 in most places will probably 
occur in about 3 to 5 years after the attack. During this period about 
10 percent of the strontium 90 produced will have decayed. Within 
the areas of heaviest local fallout, where levels are greater than about 
10,000 millicuries of strontium 90 per square mile (see fig. VI—-2) radio- 
active decay will be greater than the added tropospheric and strato- 
spheric fallout and the peak values will occur at the time of the 
attack. Beyond 3 to 5 years following the war, the changes in de- 
posited strontium 90 fallout are principally due to radioactive decay; 
2% percent of the remaining strontium 90 is lost each year. 

Figure VI-1 is a polar stereographic projection of the Northern 
Hemisphere, showing isolines of worldwide strontium 90 deposition 


10 The above figures are based on the difficult-to-substantiate assumption of “no fractionation” of the 


radioactive debris. That is, the percentages given above are assumed to apply equally to every fission 
product, specifically strontium 90, See p. 24, are St 
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in millicuries per square mile. This map does not show the local fallout 
on the United States or other countries. The highest line appearing 
on the map is 1,400 millicuries per square mile in the western Nort 
Atlantic. The more intense fallout here is due to heavy rainfall and 
to the proximity to the numerous bombs dropped on the north- 
eastern part of the United States. 

The arid Southwest United States and North Africa show smaller 
than average fallout values. In round terms, the entire north temper- 
ate zone will receive about 1,000 millicuries per square mile from 
worldwide fallout. This, for reference, can be compared with about 
75 millicuries per squaré mile as the highest observed fallout value in 
the United States up to the fall of 1958. 

It should be noted that the worldwide pattern is not very sensitive 
to where in the north temperate zone the attack took place. Thus, 
if all 4,000 megatons were dropped on the United States the condition 
over Europe would be very similar to that depicted here. 

Figure VI-2 is a map of strontium 90 fallout on the United States 
including both local and worldwide fallout. The levels of strontium- 
90 deposition resulting from the local fallout far exceed the worldwide 
fallout except at the edges of the local fallout patterns. Thus, many 
of the strontium 90 isolines (based on the total deposit) are similar to 
the gamma dose rate isolines given by OCDM. 

The innermost isoline within which there is heavy shading contains 
over 300,000 millicuries of strontium 90, per square mile, or over 300 
times the typical worldwide fallout. However, not all of this heavy 
deposit will be biologically available under conditions of the attack 
= to the low solubility dees than 3 percent) of material in the local 

eposit. 

t would take over 250 years for the strontium 90 level within the 
300,000 millicuries per square mile line, the heavy shaded area, to be 
reduced to 1,000 millicuries per square mile, for example, if only decay 
were considered. 

It has been calculated that as a result of all nuclear weapons testing 
to date by the United States, United Kingdom, and the U.S.S.R., the 
concentration of strontium 90 in the bone of man could ultimately rise 
in the Northern Hemisphere to a maximum average of about 5-10 
micromicrocuries (millionths of a millionth) per gram of bone cal- 
cium. Since this is a result of about 90 megatons of fission yield, for 
the 2,000 megatons of fission yield assumed in this hypothetical 
attack, one can multiply the testing value by about 20 to get the 
wartime effect. The result is about 100-200 micromicrocuries of 
strontium 90 per gram of bone calcium. This is higher than the 
maximum permissible concentration of 67 strontium units recom- 
mended for the population as a whole on a peacetime standard, but is 
considerably lower than the 2,000 strontium units recommended as 
the maximum permissible occupational dose under controlled con- 
ditions. Similarly, the Northern Hemosphere genetic dose due to 
past testing is expected to be at most 0.05 roentgen, over a 30-year 

eriod, and there would be about 1 roentgen in the assumed war. 
his is less than the natural background genetic dose of 3 roentgens 
per 30 years. The worldwide fallout hazard thus would not be very 
important in terms of the survival of the countries not attacked or 
not in the downwind local fallout patterns. However, the long term 
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genetic and somatic hazards to the populations of these countries have 
to be recognized. 


Cesium 187 and carbon 14 


The isolines on the maps may be ready, but only approximately, 
converted from strontium 90 to cesium 137 by simply multiplying by 2. 
About twice as many cesium 137 atoms as strontium 90 atoms are 
formed by the nuclear explosives. The half-life of the two substances 
are almost identical and it is assumed that they do not fractionate 
with respect to one another, that is, there is no tendency for more of 
one than the other to be deposited in local or worldwide fallout. The 
biological availability of cesium 137 does, however, differ from that of 
strontium 90. 

The radioactive carbon 14, which presents a genetic hazard follow- 
ing a nuclear war, is present in the form of carbon dioxide when in 
the atmosphere. The natural carbon dioxide of the air also contains 
cosmic ray carbon 14 radioactivity in small amounts from which it is 
possible to compute its very small dosage of ionizing radiation to 
man. If the level of carbon 14 is raised, the dosage to man will also 
increase. 

There is considerable uncertainty as to the amount of carbon 14 
that would be created during the hypothetical situation set forth by 
the subcommittee. For purposes of this exercise, however, it may be 
noted that large quantities of carbon 14 would be added to the atmos- 
phere, mainly the stratosphere.“ Within a few years after the attack, 
the added carbon 14 would be mixed with the troposphere and the 
biosphere. At this time, before mixing with the Southern Hemisphere 
and the surface layers of the oceans is complete, the carbon 14 in the 
ground level Northern Hemisphere air may rise to about 20 times 
natural cosmic ray carbon 14 background. After several years to 
tens of years later, mainly as a result of mixing with the surface layers 
of the oceans, the excess carbon 14 will be halved. Then gradually 
over a period of several hundreds of years mixing with the large carbon 
reservoir of the deep oceans the weapon-created carbon 14 in the 
lower atmosphere and biosphere will be reduced to less than 50 percent 
of natural background. Continued radioactive decay will very slowly 
decrease the excess carbon 14 after mixing is complete. The half-life 
of carbon 14 is 5,600 years, so the rate of decay is indeed slow. 


BASIC PROPERTIES OF RADIOACTIVE FALLOUT 


General description of the mechanisms of formation 


When the nucleus of a heavy atom like uranium is split by nuclear 
fission, or the nuclei of two light atoms such as hydrogen are com- 
bined by nuclear fusion, a part of the mass of these materials is lost 
in the process and is converted into energy. This process gives rise 
to a large number of neutrons, and gamma rays, as well as the almost 
instantaneous creation of great quantities of heat in the immediate 
vicinity of the nuclear explosion products. The neutrons, traveling 
outward from the explosion with almost the speed of light, can react 
with materials in the environment and induce radioactivity into 
these materials by a process very similar to that which is used in the 
manufacture of radioisotopes in nuclear reactors. Neutrons are 


1! Testimony based on weapons test experience indicates that approximately 8X10* (800 billion billion 
billion) carbon 14 atoms would be added. 
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generated both by the fission process and the fusion process. The 
quantities of radioactive isotopes induced in the environment are 
about the same regardless of the design of the weapon. With weapon 
yields of the order of megatons used in the subcommittee’s hypothetical 
attack, the radioactivity produced by this activation process may be 
quite significant. 

here are over 40 ways in which a heavy nucleus such as uranium 
or plutonium can divide in the process of nuclear fission, leading to 
the production of 80 to 90 primary radioactive products. These 
products in turn decay very rapidly at the start so that the fission 
mixture soon consists of some 200 radioactive species. It is the 
gamma radiation emitted in the process of radioactive decay of these 
fission products that is of most concern in local fallout. 

During the first few thousandths of a second of the explosion, all 
of the material in the weapon, including the radioactive explosion 
products, and the material in the immediate vicinity of the weapon in 
the environment are completely vaporized. This high temperature 
gives rise to the fireball which expands rapidly, heating the material 
in the environment as it expands. At the same time the fireball starts 
to rise. Therefore, the initial part of the explosion creates a mixture 
of gaseous material, melted material, and perhaps some partially 
melted environmental material. 

As the fireball cools, the melted material begins to solidify and the 
gaseous material begins to condense. Materials with very high 
melting or boiling points such as iron, of course, condense first. 
Similarly, the radioactive elements with similar boiling points will 
tend to condense at the same time leaving the more gaseous compo- 
nents behind. Therefore, the radioactive species are incorporated 
into particles in the fireball in a nonuniform manner. Also, as the 
fireball rises violent winds are created, which suck into the hot fireball 
large quantities of soil. Small, molten particles tend to condense onto 
this material. This debris from the immediate environment, whether 
it be soil or water, becomes thoroughly mixed with the radioactive 
products from the explosion very much like flavoring is mixed into a 
cake batter. It is these heavy dirt particles, “flavored” with small 
quantities of radioactive debris, which return rapidly to the earth 
and are called local fallout. 


Properties of fallout material from a land-surface detonation 

A summary of the gross physical properties of the fallout material 
collected at two distances, one 8 miles downwind from the point of 
detonation and the other 60 miles downwind from the point of de- 
tonation is shown in table VI-1. All direct measurements of the 
physical properties of radioactive fallout material have been made in 
connection with the weapon-test program and from this point of view 
the information is artificial, The test fallout debris from detonations 
on a tower are, of course, the result of the vaporization of a large 
amount of either iron or aluminum used in the construction of the test 
towers. Only low-yield weapons have been detonated on the ground 
at Nevada, where the soil is coarse and sandy. ll large yield land 
surface detonations conducted by the United States have been deto- 
nated on the coral atolls in the South Pacific. Therefore, this en- 
vironmental material has the chemical composition of the coral, 
Just what the properties of the fallout material would be for a deto- 
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nation on clay or loam, or in a metropolitan industrial complex such 
as a city is not known. 

From table VI-1 it can be seen that the particle size of the debris 
descending at a distance of 8 miles from the point of detonation is 
expected to be relatively large, whereas the average size of the material 
depositing at 60 miles downwind is relatively smaller. By compari- 
son, the material drawn into the stratosphere and which contributes 
to worldwide fallout probably has a particle size of the order of 0.02 
millimeter. Attention is called to the fact that the distribution of 
radioactivity within the fallout particles themselves is quite irregular 
and that the bulk of the radioactivity associated with these particles 
is related to the particle size. It is significant that the largest par- 
ticles contain the most radioactivity. 


Taste VI-1.—Physical properties of land-surface burst fallout 








Properties of particles 4 ~8-mile downwind ! -~60-mile downwind 
General description.................. Melted, glassy solid containing air bubbles and mineral grains 
Range of diameters.................- -~.075 to 1.5 millimeters......... | ~0.050 to 0.30 millimeter. 

So eager ilnncnasumueediguaaes ~0.35 Sa in diameter..... ~A~.10 i —, . 
Gnd aidlinnddbibaiboodiidetadsbts Transparen to pnts, pup aaen @ Te low to wn or 
eae Spherical to irregular 
Specific gravity...................... ~1.4 to 2.6 gm/em * 
Distribution of radioactivity......... Irregularly throughout 
~3 

AaD max 
Relation of radioactivity to size....... but with the rong of A increasing 

with Daa 

| 


1 Based on properties of particles from kiloton bursts on silicate sand; all other information derived from 
megaton bursts on coral sand, 
3~; Approximately. 


The chemical and radiochemical properties of the fallout material 
from a land-surface burst is summarized in the printed hearings. 
Less than 3 percent of the radioactivity associated with these large 
particles is soluble by leaching with water for several days. This 
implies that the radioactivity associated with these particles is not 
available for incorporation into plants and animals, at least for short 
periods of exposure to the elements. There is a significant list of 
radioactive isotopes which can be induced, either by neutron activation 
of materials within the weapon, or by activation of materials within 
the immediate environment, which under various conditions can 
contribute quite significantly to the quantity of gamma radiation 
associated with this fallout material. Testimony presented at the 
hearings indicated that the presence of such induced activities should 
be recognized and their presence ignored only after positive evaluation 
has indicated that it may be proper to do so. 

Finally, it may be noted that under the conditions suggested in 
this exercise, as much as 90 to 95 percent of the fission products 
generated by the explosion could be found in the close-in or local fall- 
out. This, of course, includes virtually all of the important gamma- 
emitting radioactive isotopes. However, due to the mechanism of 
formation as indicated in the preceding section, it is noted that only 
around 50 percent or less of the important isotopes strontium 90 


and cesium 137 are found in the local fallout. Due to the mechanism 
of formation this fraction is highly variable but the general implication 
is that due to fractionation the gamma-emitting radioactive materials 
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which can create a radiation threat from fallout under conditions of 
nuclear war are preferentially pulled down in the local fallout, whereas 
the long-lived isotopes which are significant in worldwide. fallout 
and as possible sources of difficulty under conditions of the testin 
of nuclear weapons in times of peace, are preferentially distributed 
through the worldwide fallout. ‘These fractions are also very highly 
variable and are quite sensitive to the precise conditions of the deto- 
nation. For surface bursts the standard estimate from the weapon-test 
program is to assume 80 percent of the total weapon debris deposits 
as close-in fallout, 15 percent appears as cian toephiaric fallout, and 5 
percent remains in the troposphere. 

The ability of gamma radiation to penetrate through solid materials 
such as would be found in the walls of structures is directly related to 
the ene of the radiation. Naturally, with a mixture as diverse 
as that of the fission mixture, the range of the energies from the gamma 
radiation is quite wide. It varies from as low as 0.01 Mev.” to as 
high as 2.5 Mev. It is, however, of considerable interest to see how 
the average energy of this complex mixture will change as a function 
of time. These data are shown in table VI-2. 


Tasts VI-2.—Radiation characteristics of land-surface burst fallout 
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Arrival and deposition characteristics 


The principal arrival and deposition characteristics of a land surface 
detonation are summarized in table VI-3. At a distance of 8 miles 
from a 5-megaton detonation, the first fallout material can be expected 
to start arriving about 15 minutes after the detonation, to reach its 

eak at about 1.5 hours, and to be essentially completed in 6 hours. 

he total mass of dirt would amount to several tons per square mile 
at this distance, 4nd the major portion would carry no radioactive 
material at all. However, a portion would carry radioactive debris, 
and the gamma radiation dose rate would start increasing at the time 
the first material arrived. 

The gamma radiation rate would continue to increase for about 
2% hours, at which time the rate of radioactive decay would become 
equal to the rate of replenishment and the dose rate would level off 
and start decreasing by the end of 4 hours. After 6 hours, when the 
fallout ceased, the dose rate would diminish with a rate characteristic 
of the mixture of radioactive species that was present at that point. 

At a distance of 60 miles, the time sequence would be very much 
the same, but slower. Fallout material would start arriving at about 
7 hours after the detonation. It would reach a peak at 13 to 14 


— 
4 Mev.: A unit of energy expressed in millions of electron volts, 
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hours and would be over in about 16 hours. The gamma radiation 
dose rate would reach a peak value at 10 to 14 hours after the 
detonation. 

The total mass of material at either distance could amount to as 
much as 100 tons per square mile or more and the radiation intensities 
at either locality could be that associated with 1,000 roentgens per 
hour (measured at 1 hour after detonation). However, people at the 
closer location could receive about 6,000 roentgens more actual dose 
due to the 6- to 7-hour difference in the arrival time of the fallout. 


Taste VI-3.—Arrival and deposition characteristic of land-surface burst fallout 


Characteristics -~#mile downwind -~60-mile downwind 
Time of arrival.................. -~©.25 hour since detonation.......| ~7 hours since detonation. 
Pie OF DERE... ctedncecmayqcasep~ ~1.5 hours since detonation. ......| ~13.5 hours since detonation, 
Time of cessation...............- -~6 hours since detonation......... -~16 hours since detonation. 


Deviations with other detonation conditions 

The information summarized so far is what would be expected from 
nuclear weapons detonated on the land surface as prescribed for this 
exercise. However, other detonation conditions which might be en- 
countered in an actual attack would lead to different relations among 
these effects. The most important of these are summarized as follows: 

1. An airburst produces little to no local fallout. The weapon 
debris condenses in highly soluble (50 percent or more), very small 
particles (less than 1 micron). The effective ranges of the blast 
effect, particularly at moderate damage levels, and thermal radiation 
become more important than the immediate nuclear radiation as the 
height of detonation is increased. 

2. A detonation under sea water results in the formation of water 
and concentrated salt solution drops which, on drying, are more diffi- 
cult to remove than dry dirt from a land-surface detonation. About 
50 percent or more of the radioactive material is soluble and available 
for incorporation into food. Also, the water, with its lower boiling 
— causes much less fractionation of the mixture of fission products, 
eading to less distortion of the radioactive decay characteristics. 


Dose rate to total dose relations 

Testimony presented at the hearings indicated that the actual 
release of gamma radiation energy from the fission products differs 
significantly from that represented by the t~** rule and other infor- 
mation given in the official Government publication ‘The Effects of 
Nuclear Weapons.” Because of its significance to the estimates used 
in connection with these hearings, this point will be discussed in 
some detail. 

From data in “The Effects of Nuclear Weapons,” if the unfrac- 
tionated fission products created from the detonation of 1-kiloton 
equivalent of ciuleit explosion are deposited uniformly over 1 “aere 
mile, the contamination density (fission oot ae il be 

uivalent to 300 gamma megacuries at 1 hour after the detonation. 

e corresponding gamma radiation emission rate * can be converted 
to the gamma radiation dose rate on the basis that the average energy 


% The gamma e describes the flux ofnucles n being emitted by asource. The gamma 
radiation dose rate destribes the absorption of 6 rad hé body. 7 
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of the gamma photons is 0.7 Mev. .The gamma radiation dose rate 
at 1 hour after detonation for a contamination density of 1 kiloton 
per square mile can be related to the gamma radiation dose rate at 
any subsequent time by the relation, R,/R;=t~!*. However, if the 
known facts concerning the formation and gamma emission properties 
of individual fission products are synthesized in tabular form, it is 
found that significant differences exist between these results and those 
computed by means of the standard formula. Data from one paper 
submitted to the subcommittee in connection with the earlier hearings 
on the effects of the weapon test pro: are reproduced in table 
VI-4. It can be seen from this table that the gamma radiation dose 
rate from the fission products of 1 kiloton nuclear yield per square 
mile at 1 hour is 2.7 times greater than that computed by the stand- 
ard formula. Also, it can be seen that the total gamma radiation dose 
accumulated from 1 hour to 3 days is about 7,800 roentgens compared 
to 3,400 roentgens computed from the standard formula. Therefore, 
the magnitude of the gamma radiation threat from the fission products 
in fallout is greater than that calculated by means of the standard 
formula by a factor of about 2. 

However, it can be seen that at 1 year the gamma radiation dose 
rate computed from the synthesis of the known fission products 
which could be present, is only about one-half that which is computed 
by the andes formula. At 3 years it is about one-seventh. This 
information is significant with regard to the estimation of the length 
of time an area might be denied to normal occupancy as the result of 
radioactive fallout. 


Taste VI-4.—Comparison of gamma dose rates and integrated doses for uniform 
contamination level of 1 kiloton of fission products per square mile, contrasting the 
“Effects of Nuclear Weapons” handbook data (t-!*) with more recent compu- 
tations developed by the U.S. Naval Radiological Defense Laboratory 


Dose rate ee eres Integrated dose from 1 hour 
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infinite plane) 
Time after detonation 


Effects of NRDL— 
nuclear TR-247 
weapons 


@ 
be 
ws 
Bo 


$90.90 IGA 9 
SBSESs 


EREESES3 
wee 


Pe pope pope po 
— 


SLLSVe IRB" Seco rss SHMeN 
Ld iy 
PESEESS 
8328288 


PLP LLL AAA AL LPP Pew ppere 
= 


SERRSRSSINES 


« », 
Ss 
B83 











30 BIOLOGICAL AND ENVIRONMENTAL EFFECTS OF NUCLEAR WAR 


Since it is customary to convert measurements of roentgens per 
hour at 1 hour to a fission product density per square mile and from 
this conversion to compute the fraction of the fallout debris including 
such isotopes as strontium 90 and cesium 137 deposited in the close-in 
fallout region, it is clear that this information has a direct bearing on 
computations involving the distribution of fission product debris 
between close-in and worldwide fallout. 

Additional information derived from testimony presented at the 
hearings, and considered by the technical panel covering the weapons 
effects problems, is the observation that nonfission product activities 
such as neptunium 239, uranium 237, uranium 240, sodium 24, 
manganese 56, and others, may also be present in the close-in fallout. 
Their gamma radiations may account for a substantial fraction of the 
open field roentgen dose particularly between the times of 8 hours and 1 
week. These contributions, of course, would be in addition to the 
values already indicated in table VI-4 and would affect the conver- 
sion from gamma dose rate to strontium 90. 

It was the consensus of the panel members that these differences 
from the standard formula would not seriously affect the validity of 
the relative estimates used for this exercise, but that the approximate 
nature of the estimates must be recognized when other applications 
are considered. 


FACTORS MODIFYING BEHAVIOR OF RADIOACTIVE DEPOSITS 


Effect of wind and weather 


It was the consensus among all the experts testifying before the 
subcommittee that the weather plays a major role in determining the 
location and distribution of radioactive fallout. The weapon and 
environmental debris is carried by the wind far from the point of 
detonation as it settles through the atmosphere. Since the wind at 
different altitudes and in different sections of the country may differ 
considerably both as to direction and speed, the actual fallout con- 
tours encountered in reality differ markedly from the idealized cigar- 
shaped patterns normally used as the basis of estimating the fallout 
effects. Actual patterns measured in connection with the test pro- 
gram at the Nevada test site neither looked like a cigar nor had the 
smooth shape normally used. It was indicated that the irregularities 
are due to many factors, such as the complexities of the radioactivity 
distribution in the atomic cloud, the effect of water condensation within 
the mushroom, atmospheric turbulence, and the roughness of the 
ground on which the fallout takes place. 

-For purposes of estimates in connection with exercises such as the 
subcommittee’s assumed attack situation, these irregularities were 
considered to be unimportant in evaluating casualties. However, in 
real fallout situations, the irregularities in the pattern complicate the 
work of evaluating the damage and forces one to rely almost entirely 
on measurements of radiation intensity at a given place rather than 
estimating them from nearby locations or from methods of prediction. 

The principal differences that were indicated as affecting the location 
of the initial deposition on the ground may be summarized as follows: 

(1) For a 5- to 10-megaton yield weapon detonated on the ground, 
the maximum fallout intensity may appear at a distance as great as 
60 to 70 miles away from the original point of detonation. 
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(2) Not only is the deposition pattern irregular, but isolated “hot 
spots” appear at irregular locations both as to direction and distance 
in relation to the main axis of the deposition pattern, An illustrative 
example is shown in figure VI-1. 

(3) One isolated “hot spot” with a radioactivity intensity about 
seven times greater than that in the immediate surroundings has been 
observed on the immediate downwind side of a mountain range. It 
was indicated that this, or the fact that some light rain was reported 
in the area at the time, may have contributed to the observation. 

(4) It was stated that theoretical studies suggest the possibility 
that the airflow patterns over mountain ranges may be such that the 
location of the fallout deposition will not be affected. Normal terrain 
features whose dimensions are small in relation to the vertical and 
horizontal dimension of the radioactive cloud are considered to have 
relatively minor influences on the overall deposition of the fallout 
debris. For example, the tendency for winds to flow up a valley in 
the daytime and down the valley at night would not be expected to 
cause & major distortion in the total amount of radioactive debris 
deposited in the valley. 

(5) The testimony indicated that the thermal column produced by 
large scale fires resulting from nuclear detonations may considerably 
alter the fallout deposition pattern if the fires are well developed 
before the fallout arrives. However, Dr. Lester Machta expressed 
the opinion that wind currents created by the nuclear explosion or by 
subsequent fires will not appreciably modify nature’s winds, and hence, 
by implication, would not cause a major distortion on the fallout 
deposit as a whole. 

Once the fallout debris has deposited on the ground the prima 
factors which modify the fallout field are rain and ground level wind. 
Runoff from rain modifies the fallout field by carrying the particles 
from one location to another. Therefore, weathering is expected to 
be more effective with sloping terrain and less porous soil, and the 
radioactive debris will tend to accumulate in collection areas such as 
drainage regions. Smooth surfaces like streets or other paved areas 
retain the particles very poorly. The majority of the debris in this 
case would be expected to run off into sewers or onto nearby soil, 
Testimony submitted to the committee also indicated that rainfall 
generally infiltrates into the ground and the insoluble particles are 
thereby carried into the soil rather than being eroded away. About 
10 percent of the deposited radioactive debris was testified as being 
the amount that might be expected to ultimately appear in a water- 
supply system. 

ind velocities of greater than 10 to 15 miles per hour are needed 
to initiate wind errosion of particles as large as those in the local fallout 
areas. Erosion from highly vegetated areas is negligible. In general, 
wind erosion tends to make the deposited fallout field more uniform. 
However, on a small scale, just as with blowing snow, radioactive 
particles can pile up in certain preferred areas and be scoured from 
others. The babavin of the radioactive particles would be expected 
to be very similar to that of the nonradioactive material normally 
present in the environment. The consensus among the expert wit- 
nesses was that one could not expect nature to significantly reduce the 
radioactivity from’an attack such as that predicated by the subcom- 
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mittee through the influence of natural weathering forces. The 
countermeasures will have to be man’s own doing. 

An analysis of the rainfall and wind patterns for the 2 weeks follow- 
ing the date of the hypothetical attack showed that the largest region 
of rainfall occurred in the eastern part of the United States from 
Ohio to Maine. In these areas although the rain was not heavy some 
benefit could be expected through washing the radioactive debris 
from the roofs and streets during the early part of the fallout period. 

High winds occurred only in the northern Midwest region where 
the fallout deposition was sparse. 


The effect of terrain and builtupness on the radiation 


The previous section considered the influence of meteorology and 
terrain on the deposition of the fallout material. This material, which 
is the source of the nuclear radiation, is associated with the deposit. 
Therefore, the deposition information is related to a knowledge of 
where the maximum fallout threat may be expected to occur. How- 
ever, the nuclear radiations from radioactive decay are also influenced 
by the environment. It is therefore of some interest to examine the 
effect of different orientations between the deposited material and the 
environment which may influence the subsequent behavior of the 
gamma radiation that is emitted. 

According to testimony presented at the hearings, approximately 
one-half of the total dose to which a person standing in a flat area is 
exposed, originates within a radius of about 30 feet. From data 
already presented, it is clear that a person in such a position would 
not only be exposed to radiation from the material already deposited 
on a flat terrain, but would also be subjected to radiation originating 
from material in the cloud prior to the time the deposition was com- 
plete. The manner in which the radiation dose, hence, the radiation 
threat, might be distributed between these two conditions was not 
examined specifically in the course of the hearings. The following 
a with respect to the influence of the terrain on the radiation 

eld resulting from material already deposited were brought out: 

(1) The radiation intensity numbers used in connection with the 
standard scaling formulas are based on direct measurements of the 
fallout pattern on the ground. Therefore, they already incorporate 
the effects of induced activities that might be present, the effect of 
terrain at the point of measurement, and the effect due to the thick- 
ness of the deposit. These values would not be expected to agree 
precisely with those computed from the fission product density and the 
radioactivity characteristics of the fission products. 

(2) A roughness of terrain ranging between that of a smooth con- 
crete slab and that of a wooded hilly field decreased the radiation 
intensity at a standard height above the ground by approximately 
one-third of the radiation intensity computed by the “billiard table” 
reference condition. The degree of change was roughly proportional 
to the degree of roughness. 

(3) An actual fallout deposit under experimental circumstances be- 
haved as though it were uniformly mixed to a depth of about one inch 
in the soil. This implies that all computations based upon the stand- 
ard reference condition of an infinite flat plane will be too high. 

(4) Under the standard reference condition, the radiation intensity 
at the center of a partially cleared area, decreases continuously with 
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altitude. In the real case, as a result of the fact that the material is 
not in a perfect terrain but has a finite depth, the radiation intensity 
first increases with altitude and then decreases as the height of the 
point over the cleared area is increased. 

(5) The ratio of observed to calculated radiation intensities has also 
been found to vary with time. It was reported that in at least one 
case for measurements made in the Pacific, a ratio of 0.45 was found 
at 11 hours, 0.66 between 100 and 200 hours, and 0.56 between 370 
and 1,000 hours after the detonation. 

(6) According to the testimony, the influence of vegetation and 
trees, which could elevate some of the fallout material above the 
surrounding ground level, is very small when compared to radiation 
emanating from material on the ground. Specific corrections to allow 
for the presence of vegetation are not currently incorporated in esti- 
mates of the radiation intensities generated at a point as the result of 
fallout deposition. 

(7) When the fallout occurs over a com: ‘unity, a number of de- 
partures from the estimates for an infinite fic , plane occur. Part of 
the fallout that would have been deposited on the ground is, instead, 
deposited on the roof. This has the effect of reducing the predicted 
intensity by placing the source a greater distance away from the 
point of concern near the ground and also results in interposing 
material in the building structure between the fallout and the point 
of concern. The resulting reduction in radiation intensity was esti- 
mated to be as little as a factor of 2 in light frame residential build- 
ings of the 1-story design, to a factor of 10 to 20 in the basements of 
2-story residential buildings made of heavy material such as brick. 
Testimony also indicated that moderately simple protective measures 
such as could be provided by a combination of tables and sandbags 
could reduce the radiation intensities by as much as a factor of 100 
in such a basement. : 

(8) Due to the intense scattering of both the immediate gamma 
radiation and neutrons from air, there is very little protection afforded 
to one building because it is surrounded by others. The radiation 
protection from that portion of the radiation dose which might come 
from the immediate gamma and neutron radiation would be changed 
by less than 50 percent due to the presence of other structures. 


VII. Brotogicat Errects 
INTRODUCTION 


The three basic casualty producing phenomena of a nuclear attack 
are (1) blast, (2) thermal, and (3) radiation. In an analysis of the 
biological effects of these phenomena it is necessary that they be con- 
sidered singly and collectively and from the standpoint of the 
direct/prompt and the indirect/delayed effects. 

Although it is unlikely that thermal burns, primary and secondary 
blast injuries, and radiation injury would occur singly in an appreci- 
able portion of the casualties in those areas suffering heavy structural 
damage from weapons of any of the sizes employed in this attack, these 
effects were treated separately in the hearings in order that expert 
testimony from specialists in each field could be received. 

Wherever possible, witnesses who have actively participated in 
human experience studies, i. e., the Hiroshima and Nagasaki surveys, 
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the Marshallese studies and the radiation accidents both in the United 
States and abroad were called. f 

In those areas where little or no human experience data exist, the 
most competent testimony, based upon extensive laboratory experi- 
mentation utilizing animals, was solicited. 


BLAST EFFECTS 


The biological effects of blast were considered in four categories: 

(a) Primary blast effects which cause lung damage and rupture of 
the eardrums due to the direct effect of the pressure wave on the body. 
In terms of peak overpressure in pounds per square inch, nuclear 
weapons blasts with their relatively sustained overpressures are much 
more efficient producers of casualties by a factor of 10 or more than 
are equivalent high explosive blasts. Nevertheless, lung hemorrhage 
and broken eardrums were uncommon in Japan. With 1- to 10- 
megaton weapons lung damage would be restricted to from 2.5 to 5.5 
miles, which is well within the zone of destruction of brick apartment 
houses (3 to 7 miles). Ruptured eardrums might occur farther out— 
4.5 to 7.7 miles. In other words, serious to fatal primary blast injury 
is unlikely to occur as an isolated event. 

(b) Secondary blast effects due to flying fragments which become 
missiles created by the pressure wave. This pressure or blast wave 
would produce injurious effects by propelling loose debris, broken glass 
or ceramics, and building materials to a velocity high enough to pene- 
trate the human body. This effect is important out to 5 miles from a 
1-megaton surface detonation and 11 miles with a 10-megaton surface 
detonation. 

(c) Tertiary effects resulting from the body itself being thrown 
violently by the pressure wave. Human beings may become missiles 
upon being picked up and hurled laterally by the blast wave. These 
injuries are similar to automobile and aircraft accidents, and can 
occur to distances of 3 to 5 miles from a 1-megaton surface detonation 
and 7 to 16 miles for a 10-megaton surface detonation. 

(d) Miscellaneous injuries due to ground shock (broken legs), dust, 
fires created by destruction of buildings, power lines and gas mains. 

It was estimated that about 5 percent of the hazard from a 10- 
megaton surface detonation could be related to casualties resulting 
directly from the pressure wave (primary effect), and that about 95 
percent of the casualties would result from missiles (secondary effects) 
and displacement (tertiary effects). It was also pointed out that 
based on “free field” effects (i.e., likened to conditions which would 
obtain on a perfectly flat surface) the combined effects (blast, thermal, 
and initial ionizing radiation) varied, with weapon yield. However, 
the effects would be encountered in the following sequence and com- 
binations as one moves away from the point of detonation: 
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Witnesses stressed the point that when a nuclear weapon is deto- 
nated in a densely populated area, a large population would be 
exposed to these immediate threats—blast, thermal, and immediate 
ionizing radiation. Dr. C. S. White summarized his analysis with 
this statement: 

Even without introducing thinking regarding protection, the “very close in” 
residuai radiation levels need to be known. to aid understanding and estimating 


the “cost” of nuclear war to a nation whose population is practically “naked” 
and completely unprepared and unprotected for a full scale nuclear attack. 


THERMAL EFFECTS 


Since thermal radiation is transmitted on a “line of sight,” the 
vulnerability of an object or person to this effect depends on the 
fireball being directly visible at that point. The following major 
points were brought out in the testimony regarding the thermal 
effects of a nuclear detonation: 

(a) Thermal radiation can cause fires by direct ignition of com- 
bustible materials, skin burns on exposed portions of the body, and 
temporary or permanent blindness from the intense light. 

(6) It takes about 1 second for the thermal output from a 1-megaton 
detonation to reach its peak intensity, and about 3 seconds for a 
10-megaton detonation. Evasive action must be taken almost in- 
stantly if it is to be effective. 

(c) Temporary or permanent blindness could be caused by the 
thermal radiation if a person is looking in the general direction of the 
fireball at the precise moment of detonation. The lens of the eye 
focuses heat as well as light rays on the retina of the eye. Thus in 
addition to temporary or ‘‘flash” blindness of a few seconds or minutes 
duration from the intense light, actual burns of the retina could occur 
from undue amount of thermal radiation entering the eye. Neither 
flash blindness or retinal damage constitute major hazards one 
daylight because of natural restriction of the diameter of the pup! 
which limits the amount of light entering the eye; furthermore the 
blink reflex, one hundred and fifty thousandths of a second, protects 
the eye from undue amounts of radiation, except in those cases where 
the hacia pulse is delivered within extremely short times. This is 
the case for low-yield weapons. However, in this attack involving 
weapons ranging in yield from 1 to 10 megatons, the hazards of 
retinal damage would be negligible. 

(d) The thermal energy falling on a unit area ® which is required to 
cause flash burns was reported to be 7 to 9 calories per square centi- 
meter to produce a second-degree burn from a 10-megaton weapon, 
6 to 7 calories per square centimeter for a 1-megaton weapon, and 4 
to 5 calories per square centimeter for a 100-kiloton weapon. It 
would take about 30 calories per square centimeter to ignite average 
clothing, and 5 to 10 calories per square centimeter to ignite many 
combustible materials such as newspaper, and cloth, with the 3-second 
pulse from a 10-megaton detonation. 

(e) Under atmospheric conditions where the visibility is about 10 
miles or more, thermal intensities of this magnitude can be obtained 
at maximum distances of 20 to 25 miles from the point of detonation. 
Therefore, the potentiality of mass fires (fire storms) is considered to 


% Normally expressed in terms of calories per square centimeter, 
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be a major threat from the detonation of nuclear weapons in densely 
populated areas. f 

(f) The consensus of testimony on this subject was that the com- 
bination of blast, fire, and radiation effects from megaton-yield weap- 
ons detonated in densely populated areas would be catastrophic in 
nature. Normal disaster aid facilities would be completely over- 
whelmed. Medical facilities and supplies would be inadequate to 
cope with the situation. Many of the injured who could normally 
be saved with good hospitalization and medical care would succumb 
to infection and shock. 


ACUTE EFFECTS OF NUCLEAR RADIATION 


The biological effects of nuclear radiation differ from blast and 
thermal effects in that the effect of exposure may not be apparent 
until hours, days, or weeks following the initial jury. The most 
severe form of radiation injury, under conditions of nuclear war, is 
that resulting from exposure of the whole body to high intensity 
nuclear radiation originating from the detonation. The discussion in 
this section will consider source conditions which can create lethal 
external radiation exposures in 48 hours or less which would lead to 
visible effects on the body within a time span of hours to weeks, and 
which are related to problems of immediate survival. 

The sources of concern are the immediate nuclear radiations con- 
sisting of neutrons and gamma radiation, “throw out” or “very 
close-in” fallout, and “local fallout”? which is deposited many miles 
downwind from the point of detonation within the first few hours. 
“Very close-in fallout,” composed of very heavy particles, is relatively 
unaffected by meteorological conditions. These sources are capable 
of creating radiation exposure conditions of 1,000 to 5,000 roentgens 
in a time period of from thousandths of a second in the case of neu- 
trons to several days in the case of local fallout. 

Four categories of radiation disease related to the magnitude of the 
dose were described. These are— 

(a) Hyperacute response due to instantaneous radiation doses 
of 5,000 roentgens or greater. Irrational behavior, general col- 
lapse and shocklike symptoms develop within minutes, and 
terminate in death within hours. This effect is not considered 
significant under nuclear-war conditions since it would occur 
within the lethal radius of the blast and thermal effects. 

(6) Acute gastrointestinal syndrome (a collection of symptoms) 
created by radiation doses of 1,000 to 5,000 roentgens. The 
symptoms are nausea, vomiting, fever and general fatigue 
starting in a few hours. Temporary recovery occurs, but the 
symptoms reappear in 1 to 2 weeks. Death is probably 
inevitable soon thereafter. 

(c) Hematopoietic (changes in composition of the blood) 
syndrome which is dominant in the dose range of 200 to 1,000 
roentgens. In addition to subacute gastrointestinal effects 
leading to nausea and vomiting a few hours after exposure, major 
changes occur in the composition of the blood in the period of 2 
to 4 weeks after exposure. The body is particularly susceptible 
to infections during this time. Recovery is possible, but not at 
all certain, Testimony indicated that approximately one-half 
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of the people exposed at the level of 450 to 700 roentgens would 
be expected to recover if they are not subjected to additional 
physical stress or radiation. The other one-half would be ex- 
pected to die within 2 to4 months. The probability of recovery 
is, of course, greater at the lower end of the dose scale (200 to 
400 roentgens), 

(d) No obvious disease, This category is related to exposures 
of 200 roentgens or less. Mild symptoms of nausea and vomiti 
may appear, as well as later (4 to 6 weeks) changes in the bl ne | 
composition. However, these pee do not require hospitaliza- 
tion and can function normally although they may be more 
sensitive to later radiation exposures than previously unexposed 
persons, 

EFFECTS OF PROTRACTED RADIATION 


The residual radiation from fallout will persist with gradually 
diminishing intensity for months, particularly in areas where the 
initial level corresponded to 1,000 roentgens per hour at 1 hour after 
the attack. The testimony regarding the biological consequences of 
such protracted radiation exposure conditions emphasized the follow- 
ing points: 

(a) The body can tolerate higher exposures of radiation without 
developing symptoms of acute radiation illness if the exposure is 
spread over a longer period of time, This is a factor of great im- 
portance in a post-attack situation. 

(6) With continued or repeated exposures, biological recovery 
from the injury progresses with a half-time of about a month, that is, 
one-half recovery from remaining effects for each succeeding month, 
but about 10 percent of the injury is notrepairable. This nonrecovera- 
ble injury builds up a pool of damaged cells in the body and contri- 
butes to very late effects, such as cancer. 

(c) When only a part of the body is exposed, the ability to recover 
is increased. The radiation resistance ot entails has been doubled 
by protecting as little as 15 percent of the body. 

(d) Animals irradiated below the lethal asf by radiation doses in 
excess of 100 roentgens, die at an earlier age than normal. Estimates 
were submitted indicating that for the survivors of a nuclear attack, 
1 roentgen would shorten the life expectancy by about 10 days. 
aera: several witnesses contended that this estimate is much 
too high." 

(e) Experimental studies on mice indicated that spreading an 
exposure of 510 roentgens over 18 days was no more injurious than 
spreading the same exposure over 162 days based on measurements of 
survival time. 

(f) The probability of increasing the incidence of leukemia and 
other types of cancer was considered to be proportional to the average 
total radiation dose sustained by the surviving population. Potential 
deaths from this cause were estimated to fall in the range of about 
2 percent of the deaths attributable to acute radiation injury. 

(g) Witnesses stressed that both the dose rates and total doses used 
in these experiments are directly comparable to exposure conditions 
that would be created by the hypothetical attack situation so that 


14 Experimental Ae was cited showing that rats exposed at a dose rate of 0.1 ean per hour 
ee oe en total dose of 22 roentgen) had longer le expectancy than their unirradiated 
Similar observations have been reported from sev 
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estimates of the predicted acute effects on man can be based directly 
on experimental data. . 


SKIN BURNS FROM FALLOUT 


The intensely radioactive fallout particles emit short-range beta 
radiations in addition to the penetrating gamma radiations. If 
fallout particles are lodged in direct contact with the skin, a skin burn 
can be created at that point. Doses in excess of 1,000 roentgens to 
the skin are required to precuce severe burns. Good personal hy- 
giene, by removing the fallout particles from the skin, can offset this 
effect. Beta burns, by creating open lesions, are easily infected. 
As a threat to survival, skin burns from fallout particles are much 
less important than the threat of whole-body gamma radiation under 
the exposure conditions of nuclear war. Pictures of actual skin burns 
on the Rongelap natives following the event of March 4, 1954, were 
displayed to the subcommittee during the hearings. It is significant 
to note that these burns were observed although the natives had been 
removed from the islands before a lethal dose of penetrating gamma 
radiation had accumulated. The testimony indicated that problems 
from this effect would become more significant during times of re- 
covery when the threat to immediate survival had passed. 


INHALATION HAZARD FROM FALLOUT 


Little quantitative data is available on the inhalation hazard from 
fallout, but data from all field tests and on the Rongelap (Marshall 
Islanders) people as well as from inhalation experiments in animals all 
suggest that in a relatively heavy fallout field: (1) the dose to the lung 
is unimportant compared to the total body radiation from the fallout 
field itself, (2) the dose to the lung is less than to the gastrointestinal 
tract even in the absence of eating contaminated food, and (3) that 
the dose to the thyroid gland from the I (iodine) (because I'*' con- 
centrates there) could be the largest dose received by any single 
organ of the body, in the absence of shelter in some fallout exposure 
situations. 

INGESTION HAZARD FROM FALLOUT 


Ingestion of fallout debris could result in much larger internal 
radiation exposures than inhalation, yet still be of lesser concern than 
the external radiation for unshielded persons. During the critical 
weeks following the attack ingested fallout material would be almost 
entirely from surface contamination. The principal potential hazards 
from ingestion of fallout for several weeks after a nuclear detonation 
would be the exposure of the gastrointestinal tract itself and exposure 
to the thyroid gland from deposition of I therein. 

Theoretical studies suggest that radiation doses to the adult thyroid 
may be two or more times greater than to the intestines from ingestion 
of fallout material during most of the critical period. However, a 
1,000- to 2,000-roentgen dose to the intestines would threaten survival, 
whereas the adult thyroid can normally withstand tens of thousands of 
roentgens before serious effects occur. Children’s thyroids are more 
sensitive and the chance of late cancer from irradiation would be 
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greater if the dose were received in childhood. Milk could present a 
special problem, since it can contain relatively large quantities of 
I" but lesser proportions of the other fission products than present 
in the original fallout. 

Additional testimony indicated that the accumulating deposition of 
radioactive elements in the human body would be comparable to the 
levels currently established as acceptable for occupational exposure. 
This source of exposure would not become a major threat to survival 
in the immediate postwar period. 


GENETIC EFFECTS 


The study of genetic effects of massive radiation on man is very 
limited. ‘There is considerable evidence that the radiation exposure 
of a nuclear war would greatly increase genetic mutations for some 
succeeding generations. However, the widespread argument that the 
ultimate genetic consequences could lead to the virtual elimination of 
the human race is not supported by the testimony. The consensus 
of expert testimony was that the race could and would survive the 
type of hypothetical attack considered in these hearings, notwith- 
standing the inevitable costs in physical impairments and deaths due 
to additional genetic mutations. 

An approximation was set forth by one key witness to the effect 
that if a portion of our surviving population had been subjected to a 
cumulative average exposure of from 500 to 1,000 roentgens the result- 
ing mutations in this group would about equal in number those 
deleterious genes the human race already possesses, 

However, it was also noted in supplementary information submitted 
by the OCDM at the request of the subcommittee that the average 
exposures to the surviving population in the United States under the 
assumed attack situation would be considerably less than the lower 
limit of 500 roentgens. 


VIII. ENvrroNMENTAL CoNTAMINATION 


The testimony discussed in the previous sections has dealt primarily 
with immediate problems related to the survival of the population 
resulting from an all-out nuclear attack on this country. It is the 
purpose of this section to examine the long-time consequences result- 
ing from the introduction of large quantities of radioactive materials 
into the environment. ‘These consequences will be considered in three 
categories: (1) The effect on animals, (2) the effects on food supplies, 
and (3) the long-term ecological * consequences resulting from the 
massive introduction of radioactive elements into the environment. 


EFFECT ON ANIMALS 


All domestic animals have a similar response to total body irradia- 
tion such as that encountered from fallout. Few, if any, die after 
exposure to 250 roentgens, and few survive a dose as high as 1,000 
roentgens. ‘The body size of the animal has little to do with its sur- 
vival, although the very young or the very old may be more sensitive. 


1s —w deals with the biology of the mutual relationships between living organisms and their envi- 
ronment, 








BIOLOGICAL AND ENVIRONMENTAL EFFECTS OF NUCLEAR WAR 4] 


The principal facts related to this topic are summarized in the fol- 
lowing points: e 

1. There is no single clinical reaction for irradiation damage in 
animals. Complete collapse of the burro to an acute exposure in 
low lethal range is unique but may be observed in most other animals 
if high exposure doses are given rapidly. Following an exposure there 
are usually days of good health, this is followed Se 4 or 5 days of 
apathy, followed by increased irritability, hyperesthesia, decreased 
food and water intake, and finally death orrecovery. Animals usually 
die or recover within 3 or 4 weeks. ‘There is always a latent period 
between irradiation and death. 

2. The characteristic blood picture of the irradiation syndrome in 
animals is immediate decrease in numbers of white blood cells; a lesser 
and slower reduction and faster recovery of red blood cells; a slower 
clotting time and impaired clot retraction. Leukemia has been ob- 
served following total body irradiation of swine. 

3. The immune response of animals to parasites and disease is 
affected by total body irradiation. Active immunities have been 
completely eee taal however the response to the immunity of 
viruses, toxins, or bacteria is not always similar. 

4. There are no distinctive effects of irradiation on the reproductive 
system. Doses in the lethal range are necessary to impair fertility. 
Lower exposures, at the proper time in gestation, may cause fetal 
aberrations. Genetic changes will not necessarily be deleterious due 
to the common practice of selective breeding. 

5. Particulate matter in fallout has lodged sufficient radioactive 
material in the coats of grazing animals close to nuclear detonations 
to produce beta burns in the hides. These lesions are characterized 
by atrophy of the skin or necrosis depending upon the severity. 
They may heal completely, leave a smooth, weakened skin with dis- 
colorized hair, or form permanent scar tissue. Experimentally it 
takes thousands of roentgens of beta radiation to cause a beta burn. 
None of the animals, accidentally exposed and observed has had other 
physical signs of exposure. 

6. Limited experimental evidence and field testing indicate that 
animals in the path of a fallout which fail to develop beta burns will 
have been exposed to less than harmful external radiation and the 
radionuclides from that cloud will be practically innocuous to the 
grazing animal. 

Animals that sustain exposure intense enough to produce beta 
burns but live longer than 3 weeks or a month fall into the same 
category as those without burns, 

All other grazing animals will have received a fatal total body 
exposure dose and both external beta irradiation and irradiation from 
ingested sources are of no consequence. 

7. It is theoretically possible to produce an area of high radio- 
contamination by overlapping nonsimultaneously arriving fallout. 
In such a case there woul bs no beta burns on the hide of animals 


but deaths would be due to total body irradiation from ground con- 
centrations or the ingested mass. Otherwise, the radiocontamination 
will be of little consequence to the animal. 

8. It is suggested that the limiting factor for survival following a 
nuclear attack will be man and not the animal. The use of animals 
and animal byproducts may reduce the hazard of radiocontamination 
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following nuclear warfare below that which must be tolerated if food 
is obtained directly from plants. Although total body irradiation 
and intestinal doses from absorbed isotopes will be much higher for 
animals, their relative faster maturity and reproductive cycle will 
compensate. 

EFFECT ON FOOD SUPPLIES 


The postulated nuclear attack would have very significant effects 
on the agricultural and food resources in the United States. Those 
agricultural resources within the range of the immediate effects from 
blast and thermal radiation would, of course, be vulnerable to destruc- 
tion. The extent to which fixe would be swept by the wind beyond 
the immediate circular area related to the point of detonation of the 
weapons was not estimated quantitatively in these hearings. Growing 
agricultural crops of almost any variety would be expected to be some- 
what more vulnerable to the effects of the thermal flash and resultant 
fire than to the effects of the blast wave. 

By contrast, virtually the entire region east of the Mississippi River 
would be affected to some degree by local fallout resulting from this 
particular hypothetical attack. The following information was 
developed in the testimony with respect to the consequences following 
such deposition: 

1. On the mid-October date assumed for the simulated attack, the 
harvest would have been completed for a number of major agricultural 
crops, including oats, barley, rye, rice, peaches, winter wheat, tobacco 
and nearly complete for hay, vegetables, dry beans, and spring wheat. 
Crops which would be in about the middle of the harvest period include 
corn, soybeans, apples, pears, grapes, grain sorghum, cotton, and flax. 
Crops which would not have been harvested include citrus fruits, 
fall potatoes, sugarcane, and peanuts. 

2. The uptake of radioactive isotopes would be most significant for 
those crops which had not yet been harvested. 

3. Iodine 131, iodine 133, and cesium 137 may be readily absorbed 
directly by leaves and would be the principal isotopes taken up during 
the early period by plants. Strontium 89 and strontium 90 are ab- 
sorbed relatively rapidly from the soils and would be taken up at a 
somewhat slower rate. Other materials such as zinc 65, cerium 144, 
ruthenium 106, promethium 147, and plutonium 239, are absorbed in 
amounts ranging generally from one one-thousandth to one-tenth 
that of strontium 90. 

4. The radioactive elements in the heavy local deposits are usually 
soluble to the extent of 3 percent of the total material, or less. (See 
sec. VI.) Within the limits determined by the change in solubility 
as a function of particle size and hence of distance from the point of 
detonation, the mechanisms of uptake of radioisotopes resulting from 
fallout deposition in the attack are the same as those described in 
connection with the mechanisms of uptake of materials derived from 
the weapon testing program. (See summary report of May neasinge.:) 

5. The principal barriers to the recovery of growing agriculture 


crops would be shortage of fuel and machinery, and radiation hazard 
to workers. It was the consensus of the testimony that deliberate 
exposure of workers to radiation in order to save contaminated crops 


4 Fallout From Nuclear Weapons Tests, Sammary—Analysis of Hearings, May 5-8, 1959, 
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would in general not be warranted, unless such food was absolutely 
essential to survival, : 

6. The deposition from worldwide fallout would be expected to 
lead to environmental contamination at a level about 20 times that 
which has resulted from the weapon-testing program. This level of 
contamination under the conditions of dire emergency associated with 
a nuclear attack would not be sufficient to mitigate against the use of 
such food in the immediate postwar period. 

7. Foods which have been harvested could have been subjected to 
contamination on the outside. If the fallout particles are removed, 
the food may be considered as essentially “uncontaminated” from 
the environmental radioactivity viewpoint. 

8. Decontamination of land was recommended only for areas having 
a very high availability of strontium 90, since other isotopes have either 
short half lives or have a low uptake by plants. 

9. In general, if the external gamma radiation level permits the 

owing, harvesting, and processing of foods, the corresponding threat 

rom radioactivity in food would not impair survival and recovery 
from the attack. 

Testimony regarding the effects on processed and stored foods 
brought out the following points: 

1. Food items stored within a region subjected to blast and thermal 
damage might be slightly radioactive as the result of activation by 
neutrons. It would, however, be safe to eat them within a week. 

2. There is no significant reduction in the wholesomeness of food 
subjected to nuclear radiation, This includes effects on vitamins and 
chemical changes affecting taste and odor. 

3. Food containers are, generally, more resistant to blast than are 
the structures in which they are housed. 

4. Processed food, under cover, is not directly affected by fallout. 
Any deposit on the outside of the container can be easily removed, 
and with reasonable care in handling the packages, will not get into 
the food itself. Therefore, processed foods in cans or glass would be 
the preferred items of diet immediately following a nuclear-attack 
situation. 


LONG TERM ENVIRONMENTAL EFFECTS OF NUCLEAR WAR 


One popularly held belief in the public mind is the idea that all-out 
nuclear war would render a country uninhabitable for many years. 
For the hypothetical attack considered by the subcommittee the 
consensus of the testimony on this point indicated that, although 
the shock could be severe, life would continue and that full ecological 
recovery would eventually occur. 

It was pointed out that immediate effects, particularly from fire, 
could trigger longtime processes that result in environmental changes 
of long duration, and therefore changes in the biotic composition of 
species that could live under the changed conditions. If fire were to 
denude wide areas of forests and vegetation, the land would become 
subject to erosion from wind, rain, and snow. New dust bowls might 
be created. 

In areas of severe fallout, unprotected animals, particularly mam- 
mals, would sustain severe losses. Whether the areas affected would 
be extensive enough to significantly affect the natural balance of the 
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biotic community was not estimated, although the opinion was ex- 
pressed that if the natural balance among animal species was seriously 
altered over an extensive area, one of the major postwar problems 
would be combatting the many insects which are much less subject to 
radiation effects than mammals. 

The consensus of the testimony was that these long-range effects 
can be considered = in general qualitative terms at the present 
state of knowledge. ‘This limitation is primarily important to quan- 
titative evaluations of ultimate cost related to a particular attack 
level, and does not alter the conclusion that survival and recovery are 
possible after such an attack, 


IX. Survivat MEASURES 
INTRODUCTION 


The assumption of our attack pattern is based on the capability of 
an enemy to deliver 1,446 megatons of nuclear weapons on US. 
targets, Seana neds the resistance of our military defensive forces. 
In such a case the problem of protecting the civilian population goes 
beyond the roses power of military defense forces and becomes 
a responsibility of nonmilitary preparation and organization. This 
we ordinarily refer to as “passive” or ‘‘civil defense.’”’ 

Our present civil defense activity is based on Public Law 920, 81st 
Congress, enacted early in 1951, before the development of the 
hydrogen bomb. The first hydrogen device (preceding actual hydro- 
gen weapons) was exploded in November 1952. This new develop- 
ment in the art brought with it revolutionary problems in military 
and civilian defense. Public Law 920, geared as it was to the pre- 
hydrogen weapon age, placed the operating responsibility for civil 
defense solely on the State and local governmental bodies. Only 
minor seat ieee policywise, have been made since 1951. There 
has been only a nominal change from sole responsibility of local 
governments to joint ee between the Federal and local 
governmental bodies. This joint responsibility has not been clearly 
defined. ‘The estimated casualties from the assumed hypothetical 
attack are based on the present state of civil defense protection. 

It is not the purpose of the subcommittee to pass judgment at this 
time on the responsibility for planning and funding an effective na- 
tional civil defense program. The bulk of the testimony was directed 
toward the development of information which would delineate the 
effects of a nuclear war on our civilian population and their environ- 
ment. The problem of survival of civilian populations faced with the 
threat of nuclear war and the decision as to whether the Federal 
Government, the State, or the individual pays the bill remains and 
demands solution. 

These facts indicate the path toward the goal of an effective national 
civil defense program. 

The estimates of casualties that might be anticipated as the result 
of the hypothetical nuclear attack assumed that the preparation of 
our people was as it stands today, and that a part of the attack was 
directed against our major centers of industry and transportation. 
The consensus of expert witnesses was that the major centers of popu- 
lation are more vulnerable to the immediate effects of blast and ther- 
mal radiation than to fallout. However, it was also pointed out that 
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in the event of an attack directed mainly or exclusively against mili- 
tary installations, the resulting fallout would present a serious hazard 
to densely populated areas hundreds of miles from the targets. 
Although the overall problems of national military and civil defense 
were not within the scope of the hearings, the subcommittee considered 
that a true picture of the biological and environmental consequences 
of nuclear war could not be developed without summarizing the tech- 
ee possibilities dealing with the basic problem of survival for our 
eople. 
: PROBLEMS RELATED TO A NATIONAL SYSTEM 


Protection against fallout is considered the first requirement for 
protection against the effects of nuclear weapons. It was estimated 
that about 20 eee of the population would experience fallout 
levels that would correspond to the condition represented by 3,000 
roentgens per hour based on the standard reference time of 1 hour 
after detonation2’ From data similar to that presented in section VI, 
it was shown that this condition would lead to a radiation exposure 
of about 12,000 roentgens in the first year, and that 10,000 roentgens 
of this would be encountered in the first 2 weeks. 

The basic radiological defense system, derived from the radioactive 
bopper ties of the fallout material, was proposed to provide three 
phases: 

Phase 1.—Emergency phase where protection from the massive 
doses of radiation encountered at relatively early times is the major 
problem. Adequate shelter to provide shielding against the nuclear 
Scien is considered the only technically feasible answer to this 

roblem. 
. Phase 2.—Recovery phase when exposure in the open for short 
times is possible. Advantage is taken of this condition to start 
reclaiming critical facilities which are necessary for recovery. Re- 
moval of the offending debris (decontamination) is considered the most 
important technical approach when the process of radioactive decay 
is not sufficient. 

Phase 3.—Final recovery to provide for the basic problems of public 
health and safety when the gamma radiation has decreased to negli- 
gible proportions. In the absence of other standards applicable to 
wartime conditions, a gamma radiation level of 0.3 roentgen per week 
(the maximum peacetime radiation rate for occupational exposure) 
was suggested to define this condition. The consensus appeared to 
be that much larger concentrations of radioisotopes such as strontium 
90 and cesium 137 could be tolerated under these conditions than 
would be considered acceptable in times of peace. 

The interrelations between the efficiency of shielding during the 
emergency phase, the efficiency of decontamination during the recov- | 
ery phase, and the resultant expected radiation doses absorbed by the 
population are shown in table 1X~1. 


1! This is called the standard intensity. 
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Taste IX-1.—Survival arithmetic 
[Heavy fallout area: 3,000 roentgens per hour at 1 hour) 





Roenigens 
en ae OR BONE. oc tedcngecsepsemhpgeenlboncatnotaindimendelbuainepemiatiion 12, 000 
DIRS GERMS 366 2 WOOK. «acco ccpnpubondceucccsdacbsssécchabduenbithécddetiwstbbind 1 10, 000 
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Emergency | Reduction | Operational 


Shelter shielding factor dose factor recovery 
dose 
Roentgens Roentgens 
ec cheraith nianiethaiciniiniapiecieciasdien iaeiiicai canadian nroudaeidiaeiiie 1,000 10 200 
WB cnwtobadcdanedidsdiacsoctitsneccdudusecinbonetiincnbbdovinde 100 100 20 
10D neccccdinqednquearatcocccceneqesegenseseonancsnananadbage 10 1,000 2 
Beet anseqpencvencseeannascenqcesquscstostuevegsssgacoudestosns 1 


1 Emergency phase: 10,000 roentgens. 
8 Operational recovery phase; 2,000 roentgens, 


This table shows that for the fallout condition used— 

(1) A shielding factor of 10 is inadequate since a radiation dose 
of 1,000 roentgens is lethal."* 

(2) A shielding factor of more than 1,000 is not profitable 
since 10 roentgens is less than 10 percent of the dose required to 
cause direct casualties. This implies acceptance of the corre- 
sponding nonrecoverable biological effects. 

(3) A shielding factor of 100 would be adequate if the initial 
fallout level corresponded to a standard intensity of 300 roentgens 
per hour at 1 hour instead of 3,000 roentgens per hour at 1 hour. 

Different combinations of useful radiological defense systems which 
relate different combinations of shielding effectiveness, stay time in 
the shelter, reclamation effectiveness, and radioactive decay properties 
are summarized in table [X-2. 


Taste [X-2.—Useful radiological defense systems 
[Heavy fallout area: 3,000 roetgens per hour at 1 hour] 


Sys- Dose 
tem Emergency phase countermeasures Operational recovery phase | during ist 
No. countermeasures 
(roentgens) 
1 | 6-month shelter with 0.01 residual number-.............} Nome........-.....0-<------- 320 
2 | 6-month shelter with 0.001 residual number. ........... PE hos sdchelngmocccass 210 
3 | 2-week shelter with 0.01 residul number-_............... 0.1 reclamation.............- 
4 | 2-week shelter with 0.001 residual number..............]....-d0___.-..-..........--.- 210 
5 | 2-week shelter with 0.01 residual number-.............-. 0.01 reclamation............. 120 
6 | 2-week shelter with 0.001 residual number..............]..--.d0.~.....-----.....----- 


‘ oe factors relating to a national system may be summarized as 
ollows: 

(1) The need for a formal radiological defense system disappears at 
fallout levels less than a standard intensity of 100 roentgens per hour 
at 1 hour. The protection afforded by existing buildings is generally 
adequate for this condition. 

(2) Most buildings offering a shielding factor of 100 or more are 
located in metropolitan centers and will be vulnerable to the effects 
of blast and fire if that area is a target. 


A shielding factor of 10 is provided in the basement ofsome two-story homes. See “The Effects of Nuclear 


eapons,” p. 404. The corresponding residual number which relates the dose in the unprotected condition 
to the dose with the countermeasure is 0.1. 
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(3) Where such beer “t does exist, additional provisions for 
ventilation, food and sanitation would have to be made. 

(4) Very good protection can be provided by underground shelters. 
The best information available is for a particular design based on a 
24- by 48-foot ammunition-storage magazine * buried under 3 feet 
of earth. This shelter was occupied by technical personnel at Opera- 
tion PLUMBOB ” at a distance of somewhat less than 1 mile from a 
17-kiloton detonation. A documentary film shown at the hearings 
gave an impressive demonstration of its effectiveness. 

(5) The USNRDL shelter provides for 100 people at an estimated 
cost of $100 to $125 per person sheltered. It provides a shielding 
factor for radiation of 1,000 or more, and protection against blast at a 
level of 10 pounds per square inch. Protection against mass fires 
can also be provided. 

(6) The USNRDL shelter can be designed for protection against a 
blast pressure of 35 pounds per square inch. Availability of such 
protection under conditions of the subcommittee’s hypothetical 
attack could reduce the fatalities from approximately 25 percent of 
the U.S. population to about 3 percent. All of these would result 
from the immediate blast effects—no deaths from either thermal or 
nuclear radiation being anticipated under these conditions. 

(7) The cost of woe protection for 200 million people at the 
levels prescribed by the higher performance defense system was 
estimated as between $5 billion oat $20 billion, depending on the use 
made of existing facilities. ‘This cost is almost entirely in the shelter 
phase, since reclamation competence is largely a matter of training 
and organization. 

(8) The main conclusion presented to the subcommittee was that 
the country must have a national radiological defense system if the 
Nation is to withstand and recover from an attack of the scale which 
is possible in an all-out nuclear war. 

n addition to data on group-type shelters, the subcommittee also 
received testimony on techniques of adapting present buildings for 
shelter purposes and proposals for individual family shelters. 

Information bearing on these points may be summarized as follows: 

(1) Techniques for estimating the degree of protection that can be 
obtained from existing buildings have recently been developed. 

(2) On the first floor of a two-story wood building, the radiation 
was estimated to average about one-half of that outside. On the first 
floor of a brick building, it was one-seventh. 

(3) Closing openings in basements with bricks or sandbags will 
reduce the radiation in the basement by a significant amount. 

(4) Radiation dose rates inside fireplaces and behind masonry 
chimneys are lower than those in the center of the room. 

(5) A heavy table covered with 7% inches of concrete block and 
laced in the corner of a basement will reduce the radiation dose rate 
y a factor of 200 to 1,000 over that observed on the ground outside 

the structure. 

(6) Prototype models of a combination transistorized portable radio 
and radiation detection unit were demonstrated at the hearings. This 
concept of a “‘citizen’s instrument” is known as the “Banshee” because 

19 This is basically a prefabricated building of the type known as a quonset hu’ 


hut. 
2 This test was conducted by the U.S. Naval Radiological Defense Laboratory under the sponsorship 
of the Atomic Energy Commission, 
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the output from the radiation-detection unit is converted to a wailin 
signal which is amplified through the loudspeaker of the radio. Suc 
a device when the radio is operating, gives clear warning of the presence 
of significant amounts of fallout. 

(7) A new pamphlet has been issued by the OCDM which gives 
complete specifications for an individual family fallout shelter. 

A considerable body of civil defense information has been developed 
by the Department of Defense, the Office of Civil and Defense 
Mobilization, and the Atomic Energy Commission. Shelter-design 
studies and evaluation tests have been conducted, decontamination 
and fallout monitoring techniques and equipment have been developed, 
and studies of weapons effects and various aspects of fallout have been 
undertaken. 

In addition, the OCDM has conducted numerous exercises, includ- 
ing its annual Operation Alert, to determine the effectiveness of civil 
defense doctrine and operations under hypothetical attack conditions. 

All of the data developed by these agencies is available for use in 
formulating a national civil defense program of the type suggested in 
the testimony presented at the subcommittee hearing. The present 
study, as well as other congressional investigations, such as those con- 
ducted by the Military Operations Subcommittee of the House Com- 
mittee on Government Operations indicate the need for an improved 
and more effective national program of civil defense. 








ees en oO rc: a rN 


Lene TST 


ADDENDUM 


A Digest or Testimony on Stratecic CoNnsIDERATIONS 
INTRODUCTION 


The discussion of survival measures in the body of this report related 
to the technical aspects of achieving various degrees of protection from 
the effects of nuclear weapons. The subcommittee’s purpose in 
soliciting expert testimony on that subject was to provide an up-to- 
date public record of available data which are believed to be pertinent 
to a full consideration of the effects of a possible nuclear war. The 
subcommittee did not undertake to establish a case for or against an 
particular plan of protection or specific civil defense measures. Suc 
an undertaking was not within the scope of the subcommittee’s inquiry. 

By the same token, the subcommittee did not endeavor to ex- 
amine current national security and foreign policy with a view to 
formulating alternatives or recommending changes in existing policy. 
However, the data presented to the subeommittee with respect to the 
immediate and protracted effects of nuclear weapons may have far- 
reaching strategic implications deserving most careful consideration by 
the executive branch and the Congress. 

For this reason, the subcommittee presents in the pages which 
follow a digest of testimony concerning the major strategic implica- 
tions arising from the basic calculations presented at the hearings. 
Mr. Herman Kahn of the Center of International Studies, Princeton 
University, made the main presentation on this subject and was 
followed by a review panel of other principal witnesses. 4 


‘BALANCE OF TERROR” CONCEPT 


The subcommittee was told that recent calculations tend to cast 
doubt particularly on the widely held notion that nuclear weapons have 
created a “balance of terror.” This theory holds that a thermonuclear 
war would mean the certain and automatic annihilation of both the 
antagonists and that it might possibly mean the end of civilization. 
To some, this concept of a “balance of terror” means that wars will be 
avoided, if it is assumed that no sane man would initiate a war in which 
there could be no victor. Thus, it is said, the very violence of nuclear 
weapons will eliminate war from the world entirely. 

There are also other major implications of this theory. If both 
sides can utterly destroy the other, preparations to reduce casualties 
and lessen damage will be of no avail and there is no need to shoulder 
the financial burden of such preparations. Some people have carried 

1 It may be noted, incidentally, that Mr. Kahn testified that the calculation of effects ted to the sub- 
committee were very similar to those made by Mr. Kahn and his associates at the Rand Corp. 2 years 


outer, though they were made independently and without reference to the data developed by the Rand 
orp. 
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this argument even further. They have agreed that modern weapons 
are so enormously destructive that a very few of them would suffice 
to deter the enemy and that it is therefore possible to deter war with 
much smaller deterrent forces than we have provided in the past. 

A very similar debate apparently took place in the Soviet Union 
several years ago. One witness testified that in 1955-56 Malenkov 
agreed that nuclear war would mean the end of civilization, the Soviet 

nion could afford to reduce both their investment in heavy industry 
and their military expenditures and concentrate on consumers’ goods. 
Khrushchev and the Soviet military took the opposite position and in 
general their view seems to have prevailed. 

The subcommittee was told that although thermonuclear war 
would be horrible in the extreme it would not necessarily mean the 
total destruction of both sides and that the “balance of terror’ theory 
may be in error. In terms of immediate casualties in the United 
States, specialists testified that in the hypothetical attack specified, 
about 30 percent of the American population would be killed. This 
assumed only very primitive measures to protect the general ula- 
tion and, although there was no attempt to examine what wo A have 
happened if, for example, the attack had come after a period of inter- 
national tension providing time for people to get out of target areas 
or if adequate shelter protection had been provided, the testimony 
indicated that to the extent that advance measures had been taken 
the casualties would have been greatly reduced. It was stated that 
studies by the Rand Corp. have indicated that with certain advance 
measures, the United States might well be able to recover almost 
completely from such a disaster in about 10 years. 

It was stated that although the long-term genetic effects of radio- 
active fallout would be severe, these effects would be spread out over 
hundreds of years. Even though the total is large, the percentage of 

ople affected in any one generation would be small and it is doubtful 
if the possibility of damage to 1 or 2 percent of future generations 
of his own population could by itself operate as a deterrent to a deter- 
mined enemy, 

THE FIRST-STRIKE ADVANTAGB 


It was indicated that the degree of damage one side or the other 
suffers will depend very much upon the circumstances in which 
the war occurs. The attacker has enormous advantages. He chooses 
the time and method of attack, presumably exploiting any possible 
weaknesses in the other’s defense. The defender must strike back 
with a damaged force, piecemeal and without coordination, in the teeth 
of a fully alerted air defense system, and against an enemy population 
that has taken at least minimum precautions. Without considering 
classified information, it is very difficult to estimate how much 
damage the attacker would suffer, but some of the testimony indicated 
that it would be significantly less than that estimated for the damage 
on the United States in the hypothetical attack considered. 

The conclusion submitted to the subcommittee by one witness 
was that the United States cannot rely on an automatic “balance of 
terror” that could be maintained by minimum retaliatory forces 
with no protection provided for the civilian population. Adequate 
deterrence, it was said, can be maintained only by providing, first, a 
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force that can absorb an enemy blow and still strike back with ade- 
quate strength and, second, certain: minimum nonmilitary protection 
for the civilian population. 


TYPES OF DETERRENCE 


It was also stated that even if the “balance of terror” theory were 
correct, the United States would still be faced with important stra- 
tegic problems. As the witness pointed out, in 1914 and 1939, it 
was the British and the French who declared war on the Germans 
and not vice versa. It is difficult for Americans to realize that, 
under certain circumstances, neither the Soviets nor the Europeans 
might believe that the United States would come to the aid of Europe. 
In making this point, the witness asked the subcommittee to ponder 
a hypothetical situation in which American defenses were so weak 
and Soviet retaliatory forces so strong that if the United States 
responded to a Soviet ground attack on Europe the Soviet counter- 
retaliation would kill all 177 million Americans. Under such condi- 
tions, the witness said, it would not be surprising if neither the Euro- 

eans nor the Soviets found the U.S. promise to come to the aid of 

urope credible. But if it is true that the Soviets and the Europeans 
would not believe that we would honor our commitments to our allies 
if it meant 177 million American deaths, what level of casualties do 
they believe we would accept? It was stated that, to the extent that 
the Soviets believe we can keep our casualties to a level we would find 
acceptable, whatever that level may be, they will be deterred not only 
from attacking the United States directly, but also from very provoca- 
tive aggressions, such as a ground attack on Europe. But, it was 
said, to the extent that they do not believe we can keep casualties to 
an acceptable level, the Soviets may feel safe in undertaking these 
extremely provocative military adventures. 

In discussing this aspect of the strategic problem facing the United 
States, the witness distinguished between what he called Type I de- 
terrence and Type II deterrence. TypeI deterrence, which the British 
call “passive deterrence” on the assumption that it requires no act of 
will to initiate a response, is the deterrence of a direct attack. If the 
United States were directly attacked, its response would be automatic. 
Type II deterrence, which the British have called “active deterrence” 
is defined as the forces necessary to deter an enemy from engaging 
in military adventures short of a direct attack on the United States 
itself. There is a question as to how effective nuclear retaliatory forces 
would be as a Type II, “active” deterrent. In pondering this ques- 
tion, it must be assumed that before launching on such an extremely 
provocative adventure, the enemy would have alerted his own retalia- 
tory forces and instituted protective measures for his population, By 
such precautionary measures, the Soviets, according to the witness, 
might limit casualties to 10 percent of its population and one-third of 
its wealth. This is just about what they suffered in World War II, 
from which they had recovered by 1951. If the Soviets believed that 
they could limit destruction to this extent and were also convinced 
that the United States had failed to take the measures that would 
similarly limit destruction in the United States, they might well feel 
free to launch an aggressive attack. 
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RELATIVE VULNERABILITY OF THE UNITED STATES AND THE SOVIET UNION 


There was no testimony to indicate that U.S. defenses were so weak 
or Soviet forces so strong that the hypothetical situation described 
above would soon become a reality. On the other hand, one witness 
testified that if the current rates of Soviet and American progress in 
long-range delivery systems continues relatively the same, and if 
current American air and civil defense programs remain basically 
unchanged, a situation might well arise in the future in which neither 
the U.S. Type I or Type II deterrence would be effective. 

A clear advantage was attributed to the Soviet Union with respect 
to relative vulnerability to the effects of a possible nuclear war. The 
Soviet Union, for example, has only 50 million people in its 135 
largest cities, while 42 million Americans are concentrated in our 12 
largest metropolitan areas, with 12 million in the New York metro- 
politan area alone. 

The testimony indicated that, given the aggressor’s advantage of 
forewarning, it is not inconceivable that the Soviet Union could 
achieve an 80 percent evacuation of its target areas, leaving only 10 
million persons in concentrated target cities. oreover, it was 
stated that recent studies of Soviet civil defense indicate that a 
substantial program was recently instituted to train the entire Soviet 
population in basic survival techniques. However, it is understood 
that prior to 1958 the Soviet program was not geared to thermonuclear 
weapons. 

7 the United States the situation is vastly different, as a number of 
witnesses pointed out. In contrast to the entian people, Americans 
are almost totally unfamiliar with what would be required of them 
under conditions of a possible nuclear war. There is no experience, 
such as the Soviet people have undergone, of having risen from the 
ruins of wartime destruction to a pinnacle of postwar power. Finally, 
of course, there is no comprehensive program for protecting the 
American people in the event of a nuclear war, a program which, as 
Dr. Libby said, should “tell the people what they may be up against” 
and what must be done. 

Various witnesses indicated that this is a lack which can prove very 
dangerous for the success of American and western policy against 
Communist aggression. For it is apparent from the testimony of 
these hearings that the total unreadiness of the American people to 
survive a nuclear war—a state said to be well known both to the 
Russians and to our allies—can greatly undermine our capability to 
pe possible Soviet “nuclear blackmail.” As the subcommittee was 
told: 

The possibility that if you cannot accept the Russian retaliatory blows, and it 
is clear to the Russians and the Europeans and you that you cannot accept it, 
you may be in a very, very sad position. * * * 

But the testimony indicated that it is not too late to take measures 
to correct this weakness. As already indicated in the preceding sec- 
tion of this report, fallout protection would have saved the approxi- 
mately 22 million radiation casualties resulting from the hypothetical 
attack on the United States. 

2“ Civil Defense in Western Europe and the Soviet Union, ee? of the Mili a = 
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Put another way, the subcommittee was told, a very moderate 
shelter program, which would combine protection against fallout and 
some blast resistance, could reduce the expected casualties to ap- 
proximately one-third of those who would die if there were no pro- 
tection at all. A more extensive program, designed to protect per- 
sons in our urban areas, could reduce the overall fatalities of this 
attack from 25 percent of the population to approximately 3 percent. 

Such measures were believed not to be terribly expensive. The sub- 
committee was told that the program of fallout shelters, which would 
go far toward saving the lives of the 60 percent of all Americans who do 
not live in or near target areas, is one which depends on simple tools 
and simple techniques. The lives of millions could be saved or lost by a 
simple choice. Thus, one eminent witness pointed out that on the 
basis of the 1954 thermonuclear detonation at Bikini, where the area 
of blast and thermal effects was perhaps 300 square miles (a circle 
with a radius of 9% miles), the total area of likely radiation casualties 
was approximately 7,000 square miles. Clearly, the subcommittee 
was told, it is the people in the intermediate 6,700 square miles about 
whom something could be done: “We can save them easily; we can 
lose them easily.” 

The burden of the testimony received on this point was that if such 
protective measures were taken, the impact of America’s ability to 
survive a nuclear war would be so great that the likelihood of such a 
war would be vastly reduced. So long as the Soviets have the ad- 
vantage of forewarning and can reduce their already low vulnerabilit 
through a comprehensive civil defense program, the United States wi 
be at a marked disadvantage. Its firm foreign policy will be open to 
doubt and disbelief, and to possible Slecenall.. 

Thus, it was suggested that our lack of a civil defense program could 
lead the Soviets to take a provocative step which we could not ignore, 
and a nuclear war would have started with no protection for the Ameri- 
can people. Or, as a final paradox, the subcommittee was told, in a 
world of great tension the Soviets may be unable to believe that we 
would allow an aggressor to strike us first, which the theory of “mas- 
sive retaliation” implies. The acceptance of such a military disad- 
vantage as a basis for our national policy may seem foolish to them. 
They may therefore discount the sincerity of our position and expect 
instead that the United States actually intends to strike the first blow. 
A war which neither side wanted could thus break out because of our 
defensive weakness. 
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APPENDIX 





G.ossary or TERMS 


SE WE casadsecenanscuntanan A fundamental particle resulting from 
radioactive decay, consisting of 2 
protons and 2 neutrons and_possess- 
ing kinetic energy or energy of motion. 
The energy of an alpha particle is 
measured in million electron volts. 
Abbreviated: Alpha. 

Average or mean life............... The actual life of any particular radio- 
active atom, can have any value be- 
tween zero and infinity. The average 
or mean life of a large number of atoms, 
however, is a definite quantity and is 
equal to 1.44 times the half life. 

Bota partidle... ncccabncoccssncccend A fundamental particle resulting from 
radioactive decay. It consists of a 
negatively charged electron possessing 
kinetic energy or energy of motion. 
Beta particle energies range from kilo 
electron volts to million electron volts. 
Abbreviated: Beta. 

Biological half life......-.......... The biological half life of any element or 
radioactive nuclide is the time interval 
required to reduce the number of atoms 

resent in the body to half of their 

initial value. The biological half life 
does not include the radioactive half life 
of a radioactive element. 

CIEE... cee umttnnneaptaieeein That quantity of a radioactive nuclide 
disintegrating at the rate of 3.70 by 
10'° atoms per second or 2.22 by 10” 
atoms per minute. Abbreviated: c. 

Micromicrocurie_.......-.--.-.- - 1 million millionth of a curie or that 
quantity of a radioactive nuclide dis- 
integrating at the rate of 3.7 by 10 
atoms per second of 2.22 atom per 
minute. Abbreviated: puc. 

MilMeouris......cuqgdcsatipcccacesse 1 thousandth of a curie or the quantity 
of a radioactive nuclide disintegrating 
at the rate of 3.7010’ atoms per 
second or 2.2210 atoms per minute. 
Abbreviated: Me. 

TIRE Riinn cnadn sw naminecamind 1 million curies or the quantity of a 
radioactive nuclide disintegrating at 
the rate of 3.7010" atoms per second 
or 2.2210 atoms per minute. Ab- 
breviated: Me. 


TRON ire ic wn icine -----<-- The radiation delivered to a specified area 
or volume or to the whole body. 
Effective half line...... ill Sais «<--- The time required for a radioactive 


element in the body to be diminished 
to half of its value as a result of the 
combined action of radioactive decay 
and biological elimination. 
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IE TOI ncccniiciiuionsvinimbune A unit of energy equivalent to the amount 


of energy gained by an electron in pass- 
ing through a potential difference of 1 
volt. Larger multiples of the electron 
volt are frequently used, viz, Kev. for 
thousand or kilo electron volts; Mev. 
for million electron volts; and Bev. for 
billion electron volts. 

a ee Unit of work or energy done by a unit force 
acting through unit distance. The nu- 
clear unit of work or energy is the Mev. 
which is equal to 1.6X10~ ergs. 

CO i. on tnittieain dh besides Electromagnetic radiation resulting from 
radioactive decay. Gamma rays have 
no mass and no charge, but have energy 
which ranges from Key. to Mev. 

BES Fi cnncctd dianinenis dtensuienns The half life of a radioactive atom is the 
time interval over which the chance of 
survival is exactly one-half. In any 
large number of disintegrating radio- 
active atoms half of the atoms present 
at any time will decay during one-half 
life. The half life for a particular 
nuclide is given by 


0.693 
ta 


where A is a constant for each nuclide. 

Biological half life............. The biological half life of any element or 
radioactive nuclide is the time interval 
required to reduce the number of atoms 
present in the body to half of their ini- 
tial value. The biological half life does 
not include the radioactive half life of a 
radioactive element. 

Effective half life..... uconnaea --- The time required for a radioactive ele- 
ment in the body to be diminished to 
half of its value as a result of the com- 
bined action of radioactive decay and 
biological elimination. 

Radioactive half life......... -- The half life of a radioactive atom is the 
time interval over which the chance of 
survival is exactly one-half. In any 
large number of disintegrating radio- 
active atoms half of the atoms present 
at any time will decay during one-half 
life. The half life for a particular nu- 
clide is given by 


ts? > 


where A is a constant for each nuclide. 
Stratospheric half life.......-.. The time interval required to reduce the 
activity present in the stratosphere to 
half by removal from the stratosphere 
to the troposphere. Stratospheric half 
life does not include radioactive half life 
of any of the radioactive nuclides. 
 ccncniuneesanniinbinn ----- An isotope is the individual species of 
atoms in an element having a certain 
mass. For example: U*, U4, and U 
are isotopes of uranium, 
Kilo electron ‘volt.......cccecseance See electron volt. 








vv Ew | oe 


BIOLOGICAL AND ENVIRONMENTAL EFFECTS OF NUCLEAR WAR 57 


Mean or average life.............-. The actual life of any particular radio- 
active atom can have any value between 
Zero and infinity. The mean or average 
life of a large number of atoms, however 
is a definite quantity and is equal to 1.44 
times the half life. 

Moegncutlt..cetcecti. sensi see ----- 1 million curies or the quantity of a radio- 
active nuclide disintegrating at the rate 
of ‘3.70 10" atoms per second or 2.22 
—. atoms per minute. Abbreviated: 


c. 

Micromicrocurie..............-.--- 1 million millionth of a curie or that quan- 
tity of a radioactive nuclide disintegrat- 
ing at the rate of 3.7X10- atoms per 
second or 2.22 atoms per minute. om 
breviated: uyuc. 

Maia ios Soca navawsiunee 1 thousandth of a curie or the quantity of 
a radioactive nuclide disintegrating at 
the rate of 3.7010’ atoms per second 
or 2.22 10° atoms per minute, Abbre- 


viated: Mc. 
Million electron volts.....-.-.----- See electron volt. 
Pica cidsdncocenusiteessecin A nuclide is the individual species of atoms 


in an element having a certain mass and 
a@ specific energy content. Therefore, 
more than 1 nuclide may compose an 
isotope. For example, Ba-137m (radio- 
active) and Ba-137 (stable) are nuclides 
of the same isotope. 

NG i kucgckttieccdsaeeudanaane The unit of absorbed dose, which is 100 
ergs per gram. The rad is @ measure 
of the energy imparted to matter by ion- 
izing radiation per unit mass of irra- 
diated material at the place of interest. 
It is a unit that was recommended and 
adapted by the International Commis- 
sion on Radiological Units at the Sev- 
enth International Congress of Radiol- 
ogy, Copenhagen, 1953. 

Relative biological effectiveness... .. The ratio of gamma or X-ray dose to the 
dose that is required to produce the 
same biological effect by the radiation 
in question. 

REM .wasnonccsctiinsdacnonniin Roentgen equivalent man: that geen 
of any type ionizing radiation whic 
when absorbed by man produces an 
effect equivalent to the absorption by 
man of 1 roentgen of X- or gamma 
radiation (400 KV). 

RED nupiecnctutnutisscninnaenel Roentgen equivalent physical: the amount 
of ionizing radiation which will result 
in the absorption in tissue of 83 ergs 
per gram. (Recent authors have sug- 
gested the value of 93 ergs per gram.) 

Stratosphere........ ecccccccceces- The upper portion of the atmosphere, 
above (11 km), more or less (depending 
on latitude, season, and weather) in 
which temperature changes but little 
with altitude and clouds of water never 
form, and in which there is practically 
no convection. 

Stratospheric half life............-.. The time interval required to reduce the 
activity present in the stratosphere to 
half by removal from the stratosphere 
to the troposphere. Stratospheric half 
life does not include radioactive half 
life of any of the radioactive nuclides. 
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Strontium unit Formerly sunshine unit. 1 thousandth of 
the maximum permissible body level of 
Sr-90. It is equal to 1 micromicrocurie 
per gram of calcium. 

Tropopause - The imaginary boundary layer dividing 
the —— part of atmosphere, the 
stratosphere, from the lower part, the 
troposphere. : The tropopause normally 
occurs at something like 35,000 to 
55,000 feet altitude, although it depends 
on season and location. 

TYOPORDRERS. oc nccceccocdlibiecncus All that portion of the atmosphere below 
the stratosphere. It is that portion in 
which temperature generally rapidly de- 
creases with altitude, clouds form, and 
convection is active. 
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